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INTRODUCTION 
Coloureds in South Africa are generally defined as any persons not 
belonging to the distinct racial groupings of white, black or Asiatic. 
They are the group known in other countries as mulattos, mestisos or 
half-castes. As a group they have always formed an appreciable per-
centage of the population of Cape Town and in 1975 were estimated to 
form the majority <57%> of the population <Bureau of Market Research, 
1976>. Very little, if any, geographical research on social organiza-
tion has been done in Cape Town, and least of all on the coloured 
population in particular: It therefore seems appropriate that this 
study should focus on the coloured population group. 
Greater Cape Town consists of the four magisterial districts of Bellville, 
Cape Town, Wynberg and Simonstown which together comprise the 01 
economic region. This region has been officially subdivided between 
the whites, coloureds and africans and the residential area selected 
for consideration is that defined by the Coloured Group Areas of Greater 
Cape Town. These cover 35 suburbs in which 476742 people live in a 
total of 552 enumerator's sub-districts or ESD's. These are the 
d.istricts into which the city is divided for the enumeration of the 
population for census purposes and each ESD is the area which one 
enumerator covers at the time of the census. As 91% of the coloureds 
in Greater Cape Town live in the delimited Group Areas <Ferrario, 1979> 
it is obvious that the study should concentrate on these areas rather 
than on all ESD's in ·which coloureds are resident. 'In addition; it is 
only in ~hese ~f~icially designated col6~~ed areas ~h~t colou~eds have 
some freedom to select their place of residence and therefore if any 
.1 With the exception of Van <ier Me-rwe & Zietsman(1977). 
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differentiation occurs evidence will be found in these areas. 
The designated coloured group area does not form one contiguous whole, 
but is clearly divided into four major residential concentrations 
<Fig. 1). These are: 
a) The northern suburbs, which include Kensington, Factreton 
and a portion of Maitland are subdivided into 33 ESD'S and 
occupy an area of 4,5 square kilometers. Of the coloured 
population 7% live in the northern suburbs in both rented 
and owner ~ccupied housing. 
b) The eastern suburbs consist of five suburbs, viz. Elsie's 
River, Bellville South, Parow South, Matroosfontein and 
Bishop Lavis, subdivided into 146 ESD's. These occupy an 
area of approximately 17,5 square kilometers and house 26% 
of the coloured population. All dwellings in the eastern 
suburbs are rented, with the exception of a small enclave of 
home ownership in Matroosfontein. 
c) Separated from the eastern suburbs by a major road and a day 
hospital so that there is less than half a kilometer of direct 
contact between them, lie the 15 suburbs which make up the 
central area. This area falls into the Wynberg rather than 
the Bellville magisterial district in which the eastern 
suburbs are located, and according to residents+ is considered 
to be socially distinct. The central suburbs occupy an area 
of approximately 36 square kilometers and are divided int~ 
128 ESD's. Here 40% of the coloured population live in 
housing types ranging from subeconomic rented dwellings 
through the entire spectrum of housing to high income, owner 
occupied houses. 
d) The southern suburbs forms an autonomous group of 93 ESD's 
comprising the suburbs of Heathfield, Southfield, Retreat, 
Parkwood and Grassy Park. These cover an area of approximately 
+ Personal communication 
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14 square kilometers and house 18% of the coloured population 
in both rented and owner occupied housing. 
There are also four minor concentrations of ESD's which are designated 
as part of the coloured Group Areas viz. Walmer Estate, Schotsekloof, 
Wynberg and Bellville South. In no case do these comprise more than 
17 ESD's, and together they contain only 8% of the population. Finally, 
some coloureds live in Ocean View, Hout Bay and Mitchell's Plain. In 
1970, however,' this was less than 1% of the total coloured population. 
Since then 474 rented and 121 selling scheme dwellings have been erected 
at Ocean View and 1439 letting and selling scheme houses and flats 
have been built in Mitchell's Plain <Divisional Council Housing Report, 
1978). The developments at Mitchell's Plain are geared to stimulate 
the filtering process in coloured housing by providing dwellings in a 
number of economic ranges. · A consideration of Mitchell's Plain would 
thus constitute a study in itself and is therefore beyond the scope of 
this research. 
The concern of this study is to identify social areas amen~ the 
coloured population of Greater Cape Town and to see if these are recog-
nisable in physical space; i .~ if once ~ocial areas are recoqnised, 
whether the patterns of differing social status can be related to that of 
adjacent areas. If socio-economic status is assur:1ed to be reflected 
in housing type and quality, then physical environment and interaction 
between adjacent areas is likely to play an important role in creating 
9n environment that is perceived to have a particular character and 
status. As a result, contiguity will have great significance in the 
emergence of distinct socio..:.economic sub-areas. It is therefore 
essential to concentrate a study of this type on adjacent ESD's and to 
regard the four major concentrations of residential areas as se~ara!e 
entities. By dealing primarily with contiguous ESD's each forming 
separate residential concentrations It carries no implication that there 
is no Interaction between the different residential concentrations. 
Together they form a total system and areas of similar socio-economic 
6 
status may develop in all or some of the residential concentrations. 
In order to identify social areas the concept of social status must be 
considered. In chapter I therefore Social Area Analysis is closely 
examined and problems associated with the use of thi-s technique are 
outlined. As it is on the basis of a social indicator that populations 
are divided into groups in social and I or physical space, the social 
indicators movement as a whole is discussed. Problems encountered in 
defining social indicators and a body of theory within which to view 
these indicators are discussed and some general applications of social 
indicators are reviewed. The choice of an indicator in this particular 
study is then justified and the applicability of the social area con-
cept in the South African situation is evaluated. 
S i nee the implement at ion of the Group Areas Act the coloured popu lat,ion I 
has been regarded as a totally separate ?Ociety, here <Marais, 1957; ~ 
Whisson, 1972; Davenport, 1977> and in this study they are considered 
as a separate group. Nevertheless the coloureds, according to Theron 
Commission Report <1976), share the aspirations and norms of white 
society and previously formed part of an at least partially single 
society. 
In order to assess whether this assumption is valid and therefore 
whether as well it is appropriate to try to define social areas for 
coloureds, a description and analysis of the historical development 
of the coloured population is given in chapter I I. Such an investiga-
tion provides a perspective on social organization among the coloured , 
population as well as some insight into processes operative in the 
development of social differentiation, both past and present. Examples 
of social and residential differentiation are sought in what emerges as 
four distinctly differing periods in the history of the coloured 
population prior to the implementation of the Group Areas Act. 
Chapter I I I deals essentially with the mapping of socio-e~onomic status 
information and the patterns of socio-economic differentiation which 
7 
result. Initially attention is given to the general problem of pattern 
recognition. Numerical classification is discussed and the clustering 
technique used to identify groups of similar socio-economic status in 
the study area is described and evaluated. Computation problems 
presented by the size of the data base are identified. The alteration 
of the existing computer program for cluster analysis in order to cope 
with such a large data set is then discussed. Initially plots obtained 
from mapping of descriptive statistics are described and general trends 
in the patterns are identified and explanations for their existence put 
forward; Patterns resulting from the mapping of cluster or calculated 
values are then described. These patterns are identified and discussed 
firstly on the basis of data for each ESD in the four residential con-
centrations considered separately. Finally patterns emerging when the 
residential areas are regarded as a single system are evaluated. 
In chapter IV the spatial autocorrelation technique of Cliff & Ord 
(1969) is employed to determine spatial dependence among groups of 
ESD's of the same cluster. This technique establishes whether given a 
particular socio-economic status in one group of ESD'"'s this necessarily 
determines the status of adjacent groups of ESD's; i.e. whether they 
will be of the same or a different status. The weighting factor is 
examined closely and different weighting systems are tested using both 
hypothetical and real data. Finally conclusions are drawn concerning 
the nature and distribution of socio-economic differentiation and its 
lack of representation in residential differentiation in coloured 
residential areas. The applicability of the social area concept and 
the link between social and physical space in the coloured residential 
concentrations of Cape Town is then assessed. 
This study hopes to make a number of contributions in terms of identi-
fying patterns of socio-economic differentiation. By establishi'ng the 
extent to which there is spatial contiguity in terms of SES scores for 
coloured Group Areas, relevance and applicability of Social Area 
~ ' : . 
Analysis to the coloured residential areas can be measured. Correlation 
between the social status in a particular area and the adjacent areas 
8 
<i.e. spatial dependence) may also be assessed. As a result, the 
effect on patterns of social differentiation of the Group' Areas legis-
Lation and the allocative housing procedures as practised will be 
illustrated. Rather than precluding further study of social differ-
entiation among coloureds it is hoped that thi.s project will point to 
the need for more concerted study of: 
a) social differentiation and social processes among coloureds; 
b) the link between social and spatial differentiation; )t 
c> the formulation of social indicators which will more 
accurately reflect socio-economic status among the coloured 
population; 
d) the part which their past has played in contributing to the 
invidious position of the coloured in the present day social 
milieu of Greater Cape Town. 
The aims and objective of this research are therefore two-fold. 
Firstly, to establish by means of mapping both descriptive data and 
calculated values< i.e. clusters) whether there are spatial patterns in 
coloured residential areas which reflect differences in social status 
among the coloureds. Secondly, the research aims to verify statis- I 
tically the relationships between the visual spatial patterns resulting 
from mapping, by applying the spatial autocorrelation technique of 
Cliff & Ord ( 1969) to the data; i.e. to establish the degree of 
spatial dependence between the patterns of differentiation. A further 
aim is to implement and write into the computer program developed by 
Ward (1978) the weighting mechanism of Cliff & Ord <1969) which will 
standardise size differences for the irregularly shaped areas for which 
data is available. The nature of various types of weights and their 
effect on the correlation coefficient will also be tested. 
Overall the study therefore represents an attempt to investigate the 
socio-economi<;: status of the coloureds and its manifestation in physical 
space under the apartheid system in South Africa. 
CHAPTER 1 
SOCIAL DIFFERENTIATION 
Social strata arise in a society as a result of increasing societal 
scale which is associated with differences in function; i.e. develop-
ments in technology result in varied occupations due to the need for 
specialization. Rewards therefore differ in conjunction with degree. 
of specialization. Social stratification occurs in any society, 
whether capitalist, socialist or Marxist. According to Tumin ( 1967), 
forms of stratification will differ, depending on the society, as 
different emphases in rank, evaluation and reward arise in differing 
societies. The end result is, however, the same- inequality in the 
distribution of rank, power and privilege, leading to the formation of 
social strata within the community, which show greater similarities 
between individua~s within the group than between individuals of 
different groups. 
Increases in scale are presented as the main dynamic in the development 
of industrial society and provide the basis for structural concepts in 
the construction of the social area typology. It is unclear, however, 
whether the concept of increasing scale is intended to refer to an 
independent set of phenomena, concerned with social interaction, or 
whether it is merely intended as a general term reflecting the change 
from traditional to modern forms of society <Timms, 1971). 
10 
Shevky and Bell (1955), claimed that the social area typology was a 
logically demonstrable reflection of those major changes over time 
which have produced modern urban society. It is therefore implied 
that social phenomena are reflections of the wider and more general 
historical changes to modern forms of social organization, and are thus 
important indicators of social change. Social area analysis is there-
fore useful as a means of assessing these changes over time; and their 
effect on the stratification of society and the areal patterns that 
may emerge as a result. 
Social area analysis 
The term "social area analysis", strictly speaking, applies only to 
that mode of analysis originally outlined by Shevky, Williams and Bell, 
in their studies of Los Angelei and San Francisco <Berry & Horton, 
1970). These early social area analysts conceived social area analysis 
in a limited context of social change, in which change in form over 
time of the structural organization of the city was associated with the 
question of increasing scale of urban society. Increasing scale and 
complexity were assumed to give rise to increased social differentiation 
which was reflected in three major constructs and three indices 
describing these constructs. These three constructs viz. social rank, 
urbanization (fa~ily status) and segregation Cethnicity), were regarded 
as objective criteria reflecting the process of urbanization and 
stratification in modern society <Timms, 1971). The three indices, 
one per construct, were made up of from one to three census variables 
- designed to measure the position of census tract populations on 
scales of economic, family and ethnic status. A social space diagram 
could then be constructed, with each dimension of the space formed by 
one of the social area constructs <Figure 1. 1). On the basis of 
statistics derived from census data,_ populations close to each other 
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were grouped together to form "social areas" <Figure 1.2>. It should 
be noted, however, that there is no necessary relationship between 
social areas a~d the physical dimension of space <Timms, 1971). 
According to Berry & Horton <1970), Social Area Analysis strictly 
defined, has been criticised both on the grounds of the theory under-
lying the constructs and for empirical reasons in particular the method 
of dimensioning the constructs. However, in an effort to meet the 
empir.ical objections that the measures used assumed the constructs to 
be correct and failed to provide a test of their validity, Bell in 
1955 used factor analysis to show that in both Los Angeles and San 
Francisco the census measures used provided a structure consistent 
with Shevky's formulations <Berry & Horton, 1970; Rees, 1972). Van 
Ardsol, Camilleri & Schmid (1958> also used factor analysis in their 
work on ten American cities. Results from their study partly confirmed 
Shevky's original constructs, but also showed that in some cases there 
was need ·for modification. According to Rees (1972>, these results 
suggested the inclusion of more variables than those used by Shevky·and 
Bell, to fully explain the way in which census tracts vary according 
to socio-economic characteristics. From this rationale a large 
number of studies concerned with social dimensions of variation among 
residential area populations in cities have been carried out, using 
techniques of numerical classification, including factor- or some 
other form of multivariate analysis. 
In this way the term "Social area analysis" has come to take on a 
broader meaning than was originally intended by the name <Figure 1.3). 
Social area analysis, broadly defined includes the works of its 
originators as well as Later studies which make use of objective 
measures of similarity and grouping <Berry & Horton, 1970), (cluster 
analysis was Tryon's alternative to factor analysis and other multi-
variate analysis techniques) in order to produce indexes which may be 
used to delineate social areas <Figure 1.4). These social areas, by 
virtue of their base in census data have been shown to have an areal 
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<latitudinal and Longitudinal> component <Timms, 1971>, however, 
although phenomena measured by the social a.rea an~lysts may differ 
the space in which they are 'located' remains the same. Space exists 
independently of any phenomena or any material measuring device. 
Since there is no logically acceptable method for ascertaining the 
existence of any intrinsic spatial metric, there is no logic to support 
a belief in different types of space, viz. absolute, physical, 
geographical or social. Any particular concept of space is bound by 
whatever objects or phenomena the irdividual cares to take as points 
of reference. In other words; if a group of objects can be 
imagined as having a place component and each object is in some 
relation to the others, then that which comprehends all those plac~s, 
~an be called space. There is thus only one space, with many layers, 
filters or dimensions through which it may be seen. It is the 
relationship of these 'filters' or 'surfaces' to one another and to 
space, whi~h ~orms the basis of the interpretation of social area 
analysis. 
Social Area Analysis has been shown by the urban ecologists to be a 
useful tool for analysis embodying both the social and physical 
aspects of space, and is applicable in the study of the social geo-
graphy of cities. Today Social Area Analysis attempts to relate the 
social structure of a community to the characteristics of the society 
rn which it has developed. It is chiefly concerned with the 
description and measurement of social differentiation in urban communi-
ties. 
The social area analysts may be contrasted with urban ecologists in 
that they begin with an hypothesis of social differentiation, identi-
fying variations on a social surface which may then, if necessary be 
translated as physical differences. By contrast, urban ecologists 
have always sought initially to identify natural areas as geographical 
areas, and to study them in terms of thei~ s0cial characteristics 
(Herbert, 1972). 
TABLE 
Source: 
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1.1. Lughod's 'necessary' Conditions 
Berry and Kasarda Cl977) p.l32-3 
Factor 
COIJditions 
Socioeconomic 
status factor 
Pamily status 
factor 
Disassociation 
between socio-
economic status 
and family 
status dimen-
sions 
Separate minor-
ity group 
Disassociation 
between 
minority group 
and socio-
economic status 
dimensions 
Disassociation 
between the 
minority group 
and stage-in-
life-cycle 
dimensions 
Types of 
variable! 11sed 
Education, 
occupation, 
income: 
Family size, 
portions of the 
age pyramid, 
fertility 
Proportion of the 
subarea popu-
13tion in the 
minority group, 
measures ofthe 
relative concen-
tration of 
minority groups 
Measures used 
above for 
minority group, 
measures of 
education, 
occupation, and 
income (and 
the distribution 
of resources) 
Measures used 
above for the 
minority group, 
measures of age 
distribution, 
family size, and 
fertility 
Necessary conditions brued on Ab11-Lugllod (196Bb) 
(1) That the effective ranking system in a city be 
related to the operational definition of social 
status; (2) that the ranking system in a city be 
manifested in residential segregation of persons of 
different rank at a scale capable of being identified 
by the areal units of observation used in the 
analysis 
(1) That family types vary, either due to" natural'' 
causes such as those associated with sequential 
stages in the family cycle, or to "social" causes 
such as those associated with other divisions in 
society, whether ethnic, socioeconomic,or other; 
(2) that subareas within the city arc differentiated 
in their attractiveness to families of differing 
types at a scale capable of being identified by the 
areal uriits of observation used in the analysis 
Either (1) that there exists little or no association 
between social class and family type; or (2) if 
there is some association between social class and 
family type, that (a) there is a clear distinction 
between stages in the family cycle, each stage being 
associated with a change of residence; and that (b) 
"subareas within the city offer, at all economic 
levels, highly specialized housing accomodations 
especially suitable to families at particular points 
in their natural cycle of growth and decline" at a 
scale capable of being identified by the areal units 
of observation used in the analysis, and (c) "cul-
tural values permitting and favoring mobility to 
maximize housing efficiency, unencumbered by 
the 'unnatural' frictions of sentiment, local 
attachments, or restrictive regulations" 
(1) That the charactcristic(s) differentiating the 
minority group from the rest of the population 
be of perceived significance in the social system, 
i.e., that the urban population be truly hetero-
geneous; (2) that the minority group be residen-
tially segregated from the rest of the population, 
at the scale of observation used in the analysis 
(1) That the minority groups be residentially 
segregated from the rest of the population, at the 
scale of observation used in the analysis; and 
either (2) that there exists little or no association 
between minority group status and socioeconomic 
status; or (3) that there is some association be-
tween 5ocial class and minority group status, that 
(a) the minority group still spans most of the 
social status range, though it may be concentrated 
at the lower end of the range; (b) a fairly full 
range of housing accommodation quality be 
available for families within the residentially 
segregated area 
(1) That the minority group be residentially segre-
gated from the rest of the population at the scale 
of observation used in the analysis; and either (2) 
that there' exists little or no association between 
minority group status and family status; or (3) 
that if there is some association between family 
stat~s an4 minority group status that (a) minority 
groups still span mos't of the family status rilnge, 
though it may be concentrated at one end of the 
range; (b) a fairly full range of housing accomoda-
tion types be available for families within the 
residentially segregated area 
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Social area analysis cannot be expected to apply to cities in which 
either technology or westernization are less evident than in western 
industrial cities (for which it was originally derived>, as social strata 
are differentiated on the basis of different criteria for differing 
societies <Timms, 1971). That constructs, when applied in situations 
other than modern American should therefore show change or difference 
from the western 'norm' has been well illustrated by studies such as 
those of Indian cities <Berry & Rees, 1969; Berry & Spodek, 1969; 
McElrath, 1963> and particularly Abu Lughod's <1968) factorial 
ecology of Cairo. Her important contribution to the social area con-
cept (or social area analysis broadly defined> was to recognise a set 
of "necessary conditions", without which patterns of social areas 
cannot be expected to emerge as they do in the American context. 
These "necessary conditions" are summarised in Table 1.1. Wherever 
social area analysis is to be employed, some sort of measures or criteria 
of similarity or difference must be used to group the population into 
their specific social areas, and distinguish them from other groups. 
These criteria are generally termed "social indicators". 
I I Social Indicators 
Social indicators are the s(gns whereby the condition of a society may 
be evaluated. On the basis of the access of individuals in the society 
to greater or smaller proportions of the facilities or commodities 
represen.ted .•by the indicator, such an indicator may be used to measure 
social differences within the society. Groups of like individuals 
may thus be defined aryd s9cial areas delimited. The choice of social 
indicators is complex, as the definition of a social indicator is open 
to much debate. The theoretical framework for definition and 
operation of social indicators is atso much disputed and the use of 
indicators therefore questioned. A discussion of all these aspects of 
social indicators is necessary therefore, prior to an evaluation of 
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the representativeness of social indicators and the choice of one for 
the identification of social areas. 
a) Historical background 
Interest in social indicators appears to have originated in the United 
States in the 1960's with the North American Space Administration 
<NASA)'s desire for quantitative measures of the social 'spin-off' of 
its activities. According to Gross (1966) there was a widespread 
realization that the traditional national accounting concepts were able 
to reflect only some of the elements of prosperity, welfare and oppor-
tunity relevant to social well-being. Therefore, after the publication 
of preliminary findings in 1966, social indicators established a firm 
footing in Federal Administrative thinking <Knox, 1975). In January 
1969 the US Department of Health, Education and Welfare <HEW> published 
Towevtd a. J.>oc.W Jte.poltt. This represented the first attempt to produce 
a social equivalent of the annual Economic Reports and provided a broad 
if relatively brief view of the nation on a wide range of social con-
ditions <Smith, 1973>. Six months later President Nixon created the 
National Goals Research Staff, responsible for developing social indi-
cators capable ot'monitoring and predicting the American way of life 
<Cazes, 1972; Shonfield & Shaw, 1972). Congressional interest is 
reflected in a bill entitled "The Full Opportunity & National Goals 
and Priorities Act" introduced by Senator Walter Mondale in 1971 
<Smith, 1973). The result of this urban revolution and interest in 
various social issues such as poverty and civil rights <Bixhorn & 
Mindlin, 1972) has been the development of the "social indicators move-
ment" and a large body of accompanying literature. 
The social indicators movement has also been felt in the United Kingdom 
<Moser, 1970; Smith, 1973; Knox, 1975) where it has been promoted by 
government statisticians and has been ~xpressed in the publication by 
the Central Statis,tic~ Office in 1970 of Soc.W TJte.ndJ.>, an ~nnual 
statistical report. In France too, the movement towards social 
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indicators has been taken up by the office of the Commissioner-General 
for the Plan; while the United Nations Economic Commission for Europe 
decided in November 1969 to launch a programme of joint research to 
identify "societal" variables which can be used in social forecasting 
CCazes in Shonfield & Shaw, 1972>. 
Cazes <1972) identified two themes underlying the early interest in 
social indicators viz. the scientific knowledge of society Cor a 
description of the social state of society> and "social planning" or 
the deliberate interference with the structure and performance of 
society and the whole complex of social phenomena. In "social" 
planning, the state of society is ascertained in order to identify 
those parts which require attention and aid, so that provision may be 
made for these. He suggested that whether the aim is to assess th~ 
impact of a given phenomenon on any specific part of the social system, 
or to observe the state of the system and endeavour to detect the 
factors which explain the changes in that system over time, there is a 
need for social data regularly accounted for. The character and 
diversity of this data should make it possible to evaluate a high 
number of programmes. The regularity of its collection should also 
make possible comparisons over time and projections for the future. A 
point that must be emphasized, vide. Land ( 1970> Kamrany & Christakis, 
(1970) and Carlisle, <1972) is that social indicators should be seen 
as applying to a social system and as such the systems approach of 
linkages and interrelationships between components within the system, 
is an important;feature to be remembered in both derivation and 
application of social indicators. The interest in social indicators there-
fore <Cazes, 1972), reflects a period of optimism in the social 
sciences about the possibility of quantifying social facts. Sheldon 
& Freeman (1970) argue that the social indicator movement can contribute 
only to its more modest goals of: 
1> improved descriptive reporting; 
2> analysis of social change; and 
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3> prediction of future social events and social life. 
Along with Kamrany & Christakis <1970>, Plessas & Fein (1972> and Knox 
(1975), they assert that the claim that social indicators can be used 
to develop a system of social accounts is not reasonable because there 
is no social theory capable of defining the variables of a social 
system and the int~rrt:tlations between them and such a theory is an 
essential prerequisjte to the development of a system of social 
accounts. 
The aim of developing a system of social accounts would surely be for 
identifying inequalities in the social well-being of a society or a 
nation which may be used in order to direct planning for greater 
equality in the future. In order to assess the state of the society 
or various parts of it, statistics describing particular attributes of 
the population may be chosen which will reflect differences within 
this population. An evaluation of these differences would allow for 
an overall assessment of the social well-being of the society and plans 
for the removal of inequalities could then be made. For this, no 
theoretical framework is necessary. The claim of Plessas & Fein 
<1972) that social theory is an essential prerequisite to the develop-
ment of a system of social accounts may therefore be disputed. 
Directly connected with the problem of application of social indicators 
is what Plessas & Fein <1972) call the basic dispute about social 
indi~ators whi9h is related to the relative importance of goals versus 
means. The early consensus <Gross, 1966; Biderman, 1966; Duncan, 
1967> was that there was a need to develop measures of systematic 
i 
operation in the hope that such measures would ultimately progress 
towards systematic goals. This reflected the necessity for immediate 
action< i.e. the need to formulate and derive social indic~tors in 
order to assess social states for future planning) versus the equal 
importance of scientiftc validity <Bauer, 1966; Gross & Springer, 1969; 
Perle, 1970; Sheldon & Freeman, 1970). Writers such as Bauer <1966> 
preferred to seek improvement by the use of available data while 
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emphasizing the defects and limitations of such material. Authors 
such as Sheldon and Freeman <1970>, however, maintain that it can 
hardly be claimed that even potentially a set of social measures 
exists that parallel the economic ones without the guidance of thee-
ret ,f cat formulations. concerning significant variables and their link-
ages. They feel that the role of social indicators in the overall 
process of national policy planning must be clarified and the 
connectiveness of social indicators to national or societal objectives 
and goals must be established first. What is needed is the develop-
ment of a "national social theory" to which "social indicators would 
provide the necessary social information" and from which "national 
social policy measures" are derived <Sheldon & Freeman, 1970). No 
theory, tools, system of information or indicators such as those in 
the economic sphere, exist in the social sphere. 
It is important at this point then, to investigate the conceptu~l 
framework within which social indicators have been developed and to con-
sider the problems of both such a framework and the resultant diffi-
culties associated with the use of social indicators. 
b) Relation to theory 
The conceptual framework described by the majority of writers on the 
subject appears to be a set of somewhat loosely defined, if common, 
ideas on the requirements for the recognition of criteria which social 
indicators must meet, rather than a structural model for their 
development or a logical background or framework within which they can 
be viewed and evaluated. 
The general feeling on the subject of social indicators is that a 
unified body of theory is conspicuously Lacking <Kamrany & Christakis, 
1970; Garn & Flax, 1972; Plessa~ & Fein, 1972; Knox, 1975; Smith, 
1979), It is felt that this is partly due to what is considered as 
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the lack of definition of the field and objectives of social indi-
cators. A major difficulty in creating and using social indicators 
<Plessas & Fein, 1972> is separating them effectively from economic 
indicators and the national economic accounting system. The other 
social sciences, tt,ley maintain, lack a unif.ied body of theory such as 
that governing economics. They also lack a single basis for com-
parability, such as money in economics. Thus the problem of deciding 
on what social measurements should be made, how they should be made and 
how they should be evaluated, are obstacles which will have to be 
overcome before a theoretical framework can be achieved, 
According to Kamrany & Christakis (1970> social indicators have to meet 
some necessary and sufficient criteria before they can be said to have 
a theoretical basis. These criteria are: Completeness: which 
refers to the embodiment of all variables and elements that impinge 
upon the quality of a good life. Specified Levels of aggregation: 
Aggregation of social accounts masks specific problems or specific 
problem areas. Basic statistical difficulties exist in establishing 
indicators and indexes, and a great deal of research is need~d to· 
develop appropriate levels of aggregation and disaggregation for 
various socio-economic information. Geographical del imitation: lndi-
cators have varying degrees of sensitivity and significance with 
respect to the level of geographic disaggregation, which varies from 
the earth, down to a lot in a specific location. Further problems 
relate to the boundaries for which information or data is available 
but they should be easily disaggregated by geographic areas because 
such sub-areas and their growth patterns have important implications 
for public decision making. In addition Knox (1975) feels that where 
possible, they should refer to the outputs of the system- such as 
achievement in any sphere, rather than inputs such as expenditure in 
that sphere qnd rel9te to public policy goals, as well as be available 
as a time-series. 
In the search for a body of theory within which to develop or assess 
social indicators therefore, .the uses to which indicators will be 
23 
put must not be obscured. Social indicators should be seen as tools 
which may be employed for describing the social state or conditions of a 
society. The exact purpose in employing them depends on the object-
ives of the investigator concerned. Indicators will be defined and 
used in different ways depending on the requirements of the researcher. 
From this point of view, the contributions of Carlisle < 1972> and 
Springer <1970> are extremely useful as both emphasize the importance 
of the use to which the indicators will be put. Kamrany & Christakis 
(1970) and Carlisle <1972) also suggest some criteria (depending on 
their uses> for defining and developing social indicators. 
If there are specific criteria which should be met when formulating 
social indicators and if the choice of indicator and the manne~ in which 
it is applied depends upon the requirements of the particular research 
being undertaken, there appears to be little real need for a body of 
theory within which indicators must be developed and evaluated. As 
long as the requirements for the formulation of indicators are fulfilled 
and indicators are adequately defined along with specifications for 
their use, and the manner in which they are to be used is described, 
they may well be considered as valuable tools for assessing the social 
well-being of a society <see Knox, 1976). 
c) Definition 
According to Plessas & Fein (1972>, many writers on social indicators 
fail to provide their readers with an adequate or even partial defini-
tion of their subject. This sentiment is echoed by such writers as 
Carlisle, 1972; Cazes, 1972; Smith, 1973; Knox, 1975, and many 
others. The la~k of definition of the subject and scope of pocial 
indicators these writers claim, may be one of the causes of the diffi-
culties in establishing a conceptual and theoretical framework or 
guidelines along which social indicators may be developed .and the 
social indicators movement may proceed. Lack of definition and 
direction results i~ fragmentation of interest in the subject anq 
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confusion of objectives for the development of theory and application 
of social indicators. 
Social indicators have been variously defined <Smith, 1979; Knox, 1975; 
Kamrany & Christakis, 1972; Bixhorn & Mindlin, 1972; Garn & Flax, 
1972; Cazes, 1972; Carlisle, 1972; Perle, 1970>, and as Sheldon & 
Freeman <1970) have pointed out, there is little agreement on the 
defining attributes of social indicators beyond the notions that: 
1> Social indicators are a time series that allow comparison 
over an extended period; and 
2> Social indicators are statistics that can be disaggregated 
(or cross-classified) by other relevant char,act~ristics. 
Land <1971) claims that these two criteria do not allow for a 
distinction between social statistics and social indicators' and 
suggests that it would be preferable to have a definition that would 
facilitate a resolution of the proper functions of social indicators 
with respect to social accounting and social reporting. Social indi-
cators tell sociologists something about the functioning of society. 
He proposes therefore that the definition should include the fact that 
social· indicators are components in a social system model or some 
particular segment or process thereof. The important point, Land 
(1971> maintains, is that the criterion for classifying a social 
statistic as a social indicator is its informative value which der1ves 
from its empirically verified nexus in a conceptualization of a social 
process. Carlisle (1972) provides just such a definition of a 
social indicator - it is ''the operational definition or part of the 
operational definition of any one of the concepts central to the 
generation of an information system descriptive of the social system". 
For Carlisle (1972) the use to which the information is to be put 
det~rmines its definition as a social indicator. 
placed on the operational or functional aspects. 
Her emphasis is 
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The definition of a social indicator therefore appears to be 
dependent on the social system under consideration, the information 
available for describing that social system, and the use to which the 
information is to be put; i.e. what is to be investigated or reported 
about which part of the social system. The social system concerned 
must therefore be modelled; relevant and available social statistics 
reviewed and the use to which these are to be put, evaluated. It is 
the usefulness of social statistics for describing social systems 
which determines whether they become social indicators. 
d) Uses of social indicators 
Notwithstanding the many criticisms levelled against social indicators 
and the problems associated with the formulation and application of 
these indicators, they have been widely used (see Kahl & Davis, 1955; 
Agocs, 197.0 and Soc...i.al. Ind..i.c.a.:toJr.-6 JteAe.aJc.c.h 1974 - 1979). Spence 
<1968) used a number of factors in order to regionalize British 
counties on the basis of employment. Gordon & Whittaker (1972> 
describe prosperity in the south western region of England. An 
assessment of the effect of north-sea oil on two small towns on the 
Scottish coast is made by Knox <1976) on the basis of evidence 
derived from subjective indicators. These three applications are 
all examples of the use of social indicators for the specific purpose 
of descrtbing and assessing the state of a society. Soc i a l i nd i -
caters, particularly socio-economic status indexes and the social 
areas delimited by these are important in urban modelling. In cases 
where direct information for an area is not easily accessible or 
available, areas delimited by the use of social indicators, as being 
of a certain status may, on the basis of this status be assumed to 
have certain characteristics. These assumed characteristics may 
then be used for predictive and planning purposes <Wilson & Rees, 1979>. 
The use of social areas as a basis for modelling behaviour; i.e. 
shopping patters <Nader, 1969) and trav~l pattern$ <Forrest, 1974) 
are examples of this. Attitudes and reactions of particular ethnic 
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or socio-economic groups can be estimated and predicted and planning 
undertaken on the basis of social areas (possessing certain character-
istics) delimited by the use of social indicators; e.g. attitudes to 
migration have been shown to vary with social status group <Hart, 
1973). The consideration of welfare among blacks in metropolitan 
and rural regions has been a factor in the planning for optimum city 
size in the USA (Mills, 1972). 
While Perle (1970) expresses certain reservations, supported by 
Sheldon & Freeman <1970> he suggests that the usefulness of indicators 
may be divided into five major themes: 
1) Improved descriptive reporting on the state of society; 
2) The analysis of social trends and social change; 
3) Assessing the performance of society; 
4) Anticip~ti~g alternative social futures; 
5> Social kn0wledge for societal control. 
The wide range of uses have led Kamrany & Christakis < 1970) to s~ggest 
·that where aggregation 6ught to be made in terms of regional indicators 
the overall behavioural and environmental conditions should be trans-
lated into three kinds of indicators, namely: 
1) Absolute indicators- which refer to those "scientific" 
indexes for which a substantial agreement among experts 
has been reached; e.g. minimum requirements for clean 
air. 
2) Relative indicators - those for which time-series data 
and cross comparative data are available and for which no 
optimum value is available. <The boundaries of an 
optimum, reasonable or expected rate of change for 
relative indicators could be established; e.g. number 
of parks per population.) These are similar to the 
predictive indicators described by Carlisle (1972). 
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3> Autonomous indicators - indexes which reflect social, 
economic, institutional and cultural values of specific 
regions, e.g. socio-cultural attributes of a particular 
ethnic group. <Carlisle, 1972, called these informa-
tive indicators.) This idea was expounded by Carlisle 
(1972) by the addition of two extra types of indicators 
associated with policy; viz. Problem oriented and 
programme evaluation indicators. 
As both relative and autonomous indicators are subject to various, 
continuous socio-economic changes which the nation experiences, a 
system of continuous monitoring and interpretation of these changes 
on both types of indicator are necessary. 
Regardless of whether they are finally to be used for social reports, 
predictions or planning, autonomous social indicators are initially 
used to assess the condition of a population with regard to particular 
criteria. Unfortunately variables which might be considered to be 
measures of a social state are not always readily quantifiable 
<Etzione & Lehman, 1967). Furthermore social indicators are generally 
based on more than one social measurement in order to make meaningful 
statements on the social conditions within any group or area. Indi-
viduals in the population then, may be grouped together or separated 
from one another as a result of differences in their ability to 
attain a proportion of the facility or commodity represented by the 
indicator, and areas of different status thus emerge. Social areas 
are therefore identified as the direct result of the division of the 
population into groups on the basis of social indicators. Possibly 
the most commonly encountered social areas are those which consist of 
individuals which have been grouped together on the basis of their 
socio-economic status. This sort of grouping is often Cat least 
among advanced western societies) reflected in the grouping of these 
people also in specific geographical areas and identifiable by such 
characteristics as type of housing. 
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I I I Social Indicators and Residential Differentiation 
Social indicators have been shown to be useful tools in social analysis, 
especially as a means for delimiting and differentiating between social 
areas. Although social area analysis filters out social differences 
from the urban mosaic the resulting patterns may be transposed onto 
the physical surface. This is possible as the statistics used to 
delineate social areas on the social surface are drawn from census 
tracts. Once the social area has been located on a social space dia-: 
gram, the census tract may then be located on the physical surface as 
an area which has a particular set of social characteristics. 
Implicit in the social area concept then, is the idea that it embraces 
two dimensions of space - the physical and social surfaces. Depending 
on the city under consideration, one or other of these surfaces may be 
seen as the more relev·ant filter through w~ich the particular space 
may be viewed. It is possibly a lack of understanding of the dual 
components of the social area concept which has led to the formulation 
of the major criticisms against it, namely: that choice of indicators 
is regarded as arbitrary and that they lack independence from one 
another as well as the criticism that the typology is not universally 
applicable. 
The identification of the physical and social components and their 
relative importance and relationship to one another in any particular 
application of the social area technique must be ascertained before 
any meaningful assessment of the situation under consideration can be 
made. Although the physical and social surfaces are both dimensions 
of space, they are not interchangeable. Rather, they are filters 
through which space and each other may be viewed. The degree to 
which housing or the physical surface may be used as a filter through 
which differentiation on the social surface may be seen, will vary 
between societies and reflects the emphasis placed on residential 
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differentiation as an indicator of social differentiation <Harvey, 
1973a>. 
In urban-industrial society according to Shevky & Williams (1949) the 
unfailing indicators of the social position of others readily' 
accessible to everyone are houses and areas of residence. People of 
like socio-economic status tend to locate in the same or similar resi-
dential areas, close to areas of higher socio-economic status, and as 
far as possible from areas of lower socio-economic status. In this 
way the social distance is minimised between individual and the popu-
lation he wishes to emulate, and maximised from the groups he wants to 
leave behind <Timms, 19{1>. 
The degree to which housing type and quality can be used as an indjcator 
of social stratification depends on the degree of differentiation in 
housing. Residential differentiation is thus not a stable indicator. 
For example, in advanced industrial capitalist dominated cities there 
is a great variety of housing types. Here social differentiation <the 
social surface) can be seen through the housing filter <the physical 
surface). In other cities where there is less variety in housing 
this cannot be done. 
Harvey <1975) puts forward several hypotheses relating residential 
differentiation to social structure. Firstly he claims that residen-
tial differentiation should be interpreted in terms of the reproduction 
of the social relations within capitalist society. Secondly, 
residential areas <"neighbourhoods" or "communities") provide distinct-
ive milieus for social interaction from which indi~iduals to a con-
siderable degree derive their values, expectations, consumption habits, 
market capacities and states of consciousness. Residential neigh-
bourhoods are, in other words areas in which the socialization processes 
of particular groups take place. Harvey <1975) further claims that 
' 
residential differentiation is produced by the organization of forces 
external to the individual or even the collective will of a particular 
social group. Financial and government institutions control and 
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co-ordinate housing-market behaviour and in so wielding their influence 
produce certain broad patterns in residential differentiation. 
In terms of western industrial cities, American cities in particular, 
where residential differentiation is an accepted criterion for the 
evaluation and reflection of social status <Harvey, 1975), residential 
differentiation may be used as an indicator for identifying strata 
in the society and assessing their relative distances from one another 
on Jhe,social.surface <Harvey, 1973a). In other societies, however, 
emphasis may be placed on other phenomena as indicators of social 
I . • 
status and social differentiation. Abu Lughod <1969) for example, 
in establishing the factorial ecology of Cairo, found that social 
differentiation although real could not be seen through the filter of 
a physical or housing surface. 
In South African society where the whole population is ,Legally 
separated on the basis of race, and not all groups have the same access 
to the modes of production, interesting variations may be presented for 
, I 
the application of social area analysis, and in the Link between social 
space and residential differentiation. 
· IV Applicability of the Social Area Concept in the South 
African Context 
Social areas can only be recognised once some criteria have been chosen 
as a basis from which to assess similarity or difference between indi-
viduals in the population under consideration. Prior to any attempt 
to apply the social are~ concept in the case of South African society 
then, relevant indicators must be identified and utilized to asses the 
state of this society. 
Very little, if any influence of the social indicators movement has 
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been felt in South Africa. No official attempt has been made to set 
up a national social accounting system and no plans for identifying 
social problems and for social forecasting are operative on a country-
wide scale. Statistics which could supply social information such 
as figures on housing, income, population growth, home language, 
religion, medical facilities, agricultural yields, health, education 
and occupation are collected on a fairly regular basis, both by census 
every decade and at substantially shorter intervals by the Bureau of 
Statistics. Other sources of such statistical information, though 
not as general nor as regularly collected for comparable areas, in-
clude the publications of financial and mining houses and the various 
agricultural boards. On the more local level, reports of the Medical 
Officer of Health, as well as other municipal organizations and councils 
provide a wealth of social statistics. These could be used for as~ess­
ing the state of society, especially in terms of differences in distri-
bution of these attributes and services between various areas and 
population groups. Distinct and differing social areas could there-
fore be identified, particularly as population groups are so well 
defined and separated here. Such statistics might therefore be used 
as indicators of the conditions of South.African. society. 
In seeking to apply social area analysis <broadly defined) as a tool 
for assessing and comparing social and physical structure of cities, it 
should be noted that it is the concept rather than the rigid formu-
lation which should be utilized. Further, the important distinction 
between the social and physical components of space and their relation-
ship to one another in differing societies must be considered when 
attempting an analysis or comparison of social and physical structure 
of cities. 
South African society has been described by Fair <1969) as a western 
industrial society with a modern money economy superimposed on an 
indigenous tribal society with an economy based on subsistence. This 
dichotomous system has resulted in an overall social and city structure 
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which is therefore not directly comparable with western capitalist 
orientated industrial cities. The turbulent social history and 
accompanying rapid changes in social structure has Led to the develop-
ment of a complex and unique social form in South Africa. As is the 
case in the United States, the population is extremely heterogeneous, 
a combination of many cultures. The uniqueness of modern South 
African society however, lies in the social development of the country 
as a result of political forces which have played a major role in 
this development particularly in the last three decades <Davenport, 
1977>. As a result of the ideology of the ruling political party, 
leg~l and economic constraints have been imposed on South African 
society, resulting in broad stratification between whit~ and non-
white. Further stratification within these groups may have occurred 
in response to other factors. Political ideals have also found 
expression in residential separation of ethnic groups -white, black, 
coloured and asian by specifically delineated areas for the use of 
each population group in every city. 
Davies <1963> has suggested a tentative model for South African cities 
which resembles the Hoyt sectoral model with the addition of semi-
independent non-white townships. South African society, Davies 
( 1976) claims in broad terms, strikingly resembles the form of colonial 
society. Secondary stratification is however, based on purely 
socio-economic criteria. Concomitant with opportunity, range of 
socio-economic stratiification for whites is wide but is limited for 
the non-white groups. The South African city is primarily arranged 
in relation to class race divisions and secondarily in relation to 
socio-economic status. 
Among the white population group, residential differentiation ~ppears 
to be a reflection of social status and it has been used as an indicator 
for identifying strata in the society CHart, 1968, 1975, 1976). 
Social differentiation among the white population group may thus be 
seen through both the physical and social filters. 
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In population groups other than White, however, emphasis may be 
placed on phenomena other than residential differentiation as indica-
tors of social stratification and social status. Legally imposed 
economic constraints, the allocative housing system, housing uniform-
ity and shortages (for the majority) and limited space for expansion of 
certain ethnic groups within their group areas, inhibits the extent 
to which residential differentiation can occur. 
Among the Asian <Indian) population, social stratification occurs 
primarily on the basis of language and religion <Hey, 1961; Watts, 1971) 
but is increasingly becoming a reflection of economic and occupational 
as well as educational status <Brand, 1966; Watts, 1971). Meer 
(1968) finds evidence of residential differentiation ranging from wood 
and iron shacks, council built sub-economic and economic rented 
accommodation and dilapidated housing to affluent owner-built houses 
which accommodate extended families. It would appear that Group 
Areas legislation has restricted the development of Indian housing 
<Brand, 1966; Meer, 1969>, but where less restricted development is 
possible social stratification may be reflected in residential 
differentiation. 
Brandel-Syrier <1971) and Wilson & Mafeje ( 1963) find that among the 
Black population group stratification occurs as a result of economic, 
! 
occupational and educational differences. Although this differentiation 
is generally not visible in the form of residential differentiation 
<Kuper, 1965) as a result of the Lack of available housing and Group 
Areas restrictions, where circumstances allow its development, residen-
tial differ~ntiation reflects social status <Brandel-Syrier, 1971). 
The Theron Commission Report <1976>, Vander Merwe (1962>, Thomas 
(1976) and Stone ( 1972) all find evidence of social stratification in 
terms of education, occupation and income among the coloureds. Not-
withstanding the restrictions of Group Areas Legislation and a Lack 
of available space, the full spectrum of housing, from sub-economic 
rented dwellings, to high income owner occupied ones exists in each 
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of the concentrations of coloured residential areas considered in this 
study <S.A.l.R.R. 1950-1978; Phillips, 1971; Cape City Council, 197 ; 
Ferrario, 1979). It is therefore suggested that socio-economic 
stratification may'thus find expression in terms of occupation of 
differential housing by different social groups within the coloured 
residential areas. 
While for the majority for the non-white groups therefore social 
stratification is not reflected in residential differentiation, there 
·is evidence that among certain sectors of the non-white population, 
social differentiation may be seen through the physical filter as 
residential differentiation. 
It thus appears that the social area concept when applied in the non-
white South African context, should first be separated into its social 
and physical components. It is necessary to establish whether in 
the light of the constraints posed by Group Areas and allocative 
housing procedures, any spatial differentiation has occurred. There-
after relationships between social differentiation and physical (not 
necessarily residential) differentiation can be evaluated to gain an 
idea of the true nature of.any social areas that may exist. 
The specific aim of this study is to identify groups and residential 
areas of similar social status within the coloured population. 
Statistics describing the social state of this group are available 
from census data. Those which provide the means for classing people 
as socially similar or dissimilar may therefore be defined as social 
indicators. 
Using socio-economic status indicators, an attempt is made to ascertain 
whether areas of differing socio-economic status reflecting the 
characteristics put forward by Timms <1971> occur in coloured residen-
tial are9s in Greater Cape Town, and if these are geographically 
recognisable in terms of differences in housing type, 
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As well as socio-economic status <Timms, 1971) ethnic identity 
affects desirability of an area for residential location. ' The degree 
to which both of these affect the locational choice depends on the 
extent to which the ethnic population is stigmatized and whether 
socio-economic status differentiations in the group are similar to 
those of the core <or dominant) society. Where the ethnic group is 
small and the majority confined to a single social status, ethnicity 
and socio-economic status become synonymous. To a large extent this 
is the case with the coloured population in Greater Cape Town. 
Although coloureds form the majority of the population here, they are 
a minority group in South Africa, and are anyway regarded as a separate 
group by law. Legislation to a large extent also determines and 
confines the range of occupations open to coloureds and the incomes 
for these occupations, Seen within the context of the wider society 
of Cape Town, these people form a distinct ethnic group generally of 
a lower socio-economic status. This study therefore, represents an 
attempt to see whether the coloured population of Cape Town does form 
a uniform social status group, and if not, to establish if patterns 
of differentiation exist and to investigate aspects of socio-economic 
differentiation within the coloured group. 
In a society where prejudice against an ethnic group is great (Timms, 
1971> (as in South Africa (my parentheses)), residential areas 
adjacent to those of the ethnic group become highly undesirable to the 
core society, regardless of the socio-economic status of the 
individuals of the ethnic group Located there. These areas become 
highly desirable for the ethnic group though and individuals of higher 
status within the ethnic group generally locate there. Social 
distances between the ranks of the ethnic group remain marked however, 
and patterns of social desirability tend to mirror those of the core 
society. The coloured population of Greater Cape Town is confined 
to specific geographical areas because of the Group Areas Legislation. 
Analysis of the coloured residential areas using socio-economic 
status. indicators should show not only whether social differentiation 
occurs within the grou~ but whether it parallels social differentiation 
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among whites here, and further, whether the coloured residential areas 
adjacent to white residential areas show higher status than ot~ers. 
Social indicators are thus to play an extremely important part in the 
identification and analysis of patterns of social differentiation 
among the coloured population of Greater Cape Town. 
In order to ascertain the existence of social areas, some specific 
measure or indicator of social similarity or differences within the 
coloured community must be adopted. 
V Social Areas, Social Indicators, and Coloured 
Residence in Greater Cape Town 
A number of variables are available which characterise the coloured 
residential areas and could be used as indicators for defining social 
areas among this population group. These indicators include the 
following: 
a) Residential indicators 
i) Types of dwellings: In Cape Town types of dwellings in 
residential areas are classified as 
House, Flat or Other. Numbers of each are given for each 
ESD. This is however too broad a classification upon which 
to assess residential differentiation particularly as it is 
not specified how many houses are rented as opposed to owner 
occupied; how many are sub-economic as opposed to economic 
rented dwellings; how many dwellings are council owned or 
privately owned and neither is the size, quality or type of 
house defined. Dwelling type by ESD is thus of little use 
in determining patterns of spatial distribution of housing 
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types from which areas of a particular socio-economic 
status might be inferred. 
i i) Population Densitz:: Total population by ESD is meaningless 
unless related to number of dwellings 
or rooms per ESD to give a measure of residential density, 
Density defined as number of housing units per area; of 
persons per room or of families per dwelling are all commonly 
used indicators of social status- either in the western 
sense of preferred low density (of persons per room, families 
per dwelling and dwellings per ESD>, or in the non-western 
situation where the extended family concept Leads to higher 
average densities. 
In the case of the coloured population of Greater Cape Town 
though, the usefulness of the measure is Limited by the acute 
housing shortage <Personal communication, Cape City Council 
Housing Branch, Divisional Council Housing Branch) which Leads 
to multiple family occupation of single family dwellings by 
necessity rather than by choice. Nevertheless Louw (1979) 
found some Limited evidence of distance decay patterns which 
reflect the theoretical models as outlined for western and non-
western cities (Berry & Horton, 1970). In the case of the 
coloured residential areas of Greater Cape Town, Louw (1979) 
found that no consistent relationship between high income and 
. distance from ~ity centre existed, Table 1.2 may thus be 
evidence of a non-western situation or of pressure on available 
rousing. 
b) Family status indicators 
These include education, occupation and income. One or all of these 
indicators may show some degree of social differentiation among the 
coloured population, as it would be expected that, as in the case of 
38 
TABLE 1.2 Density and Income Characteristics of Selected ESD's 
in Coloured Areas 
ESD Av. family Density House density Average 
· income <R> mz per person m2 per house SES score 
C2003 1617 91,4 58 
C0182 1336 80,5 51 
C0045 1138 155,3 46 
W2135 2039 97,8 680 52 
W2145 1336 97,9 643 54 
W2211 1227 46,3 51 
W2209 1416 104,5 634 52 
W2204 1295 90,8· 520 51 
W2013 1.035 279,3 48 
W2294 1555 151,3 1238 43 
W2296 996 75,2 455 38 
Source: Louw, 1979 
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the white group, that better education secures better jobs and there-
fore higher wages. However, there are problems associated with the 
use of these indicators to identify social differentiation among the 
coloured population group in Greater Cape Town. There is a ceiling 
on incomes for coloureds, due to the wage policy of the government; 
the availability of education is limited, and the range of occupations 
open to coloureds is limited by job reservation, These indicators 
must therefore be adapted in some way in order to make them'more 
meaningful as indicators of social status and differentiation in the 
context of the coloured population group, 
For the purpose of this study, which seeks to identify the spatial 
patterns of those characteristics which may be interpreted as indi-
cators of social differentiation or stratification, the above 
characteristics should be seen in combination with some, and related 
to,all of the variables discussed above. 
c) Socio-economic status scores 
A variable which relates income, education and occupation and combines 
them into a composite indicator is the socio-economic status <SES> 
score. The combination of such variables is commonly regarded as an 
acceptable indicator of social differentiation <Kahl & Davis, 1955; 
Knox, 1975; Smith, 1979 Differences in the scores imply differences 
in social status of the residents in any area. These scores may 
therefore be used as informative indicators to report on the spatial 
component of social status differentiation as suggested by Sheldon & 
Freeman <1970) in particular. Scores of this type were developed by 
the Technical Management Services section of the City Council for 
each enumerator's sub-district of Greater Cape Town. According to 
the TMS Working Paper 6-76 (1976), the compilation of a socio-
economic rating index represents their attempt to use census inform-
ation to construct a valid measure of socio-economic status for all 
40 
residents in Greater Cape Town. Separate scores were derived for 
each population group <white, coloured and asian). This means that 
it should be possible to identify within group differences in socio-
economic status. Combined scores for all races were also given, but 
this implies that classification into socio-economic groups would be 
much broader probably groUping non-whites together. 
The SES scores were derived as follows: 
Using data for all coloureds in the 01 Region, cumulative percentage 
groups were constructed for each of the of the parameters education, 
occupation and income. The categories in each component were 
adjusted so that about ten percent of the persons in the universe fall 
in each tenth of the distribution of the item. In order that each 
individual should have three separate ratings to form the average 
score calculations were based on each income earner. The overall 
SES scores calculated in such a manner show a normal distribution for 
the entire population of Greater Cape Town. 
For each ESD <Enumerator's sub-district) the ratings of individual 
income earners for education, Income and occupation were then calcula-
ted from the standardised percentiles. A numerical example 
illustrates the method clearly 
Education: 
Occupation: 
Income: 
SES scores 
A 96 
64 
90 
250 
83 
B 31 
43 
74 
148 
50 etc. 
These values were then used to calculate the average score for all 
income earners in the ESD. An average SES score for the ESD as a 
whole and frequency of occurrerice of individual scores by percentile 
provide a full profile of characteristics of that ESD, viz. 
ESD 
W2116 
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Av. 
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100 Score 
2 18 28 38 76 105 88 101 32 10 57 
A single meaningful indicator is therefore available by ESD for the 
coloured population. This can be used to identify whether spatial 
patterns of social stratification exist within the coloured residential 
areas. 
Although there are problems associated with the use of socio-economic 
status scores as status indicators, there are a number of factors which 
justify the use of these scores in this particular case. Firstly, in 
Greater Cape Town in particular other available indicators such as 
housing type; housing and population density; persons per household; 
rent paid or income are not adequate indicators of socio-economic 
status among the coloured population because of the situation of the 
majority of coloureds in the wake of the group areas implementation and 
due to state imposed wage and job restrictions. This has resulted in 
the majority of coloured people living in council owned rented accommo-
dation. Further, the housing shortage for these people has resulted 
in artifi9ially high residential densities, as young single and married 
people are frequently forced to continue to live in the parental home, 
when they might have preferred to set up independent households. 
Secondly, SES scores are based on information about all coloureds in 
Greater Cape Town. The scores therefore represent variations among 
this particular group and are thus a suitable tool for a status study 
of a single racial group. Also they are made up of three variables 
each of which reflects the actual distribution patterns among the Cape 
Town coloured population and the TMS developed SES scores may there-
fore be considered a balanced and representative indicator of social 
status, especially as the components are related to each other and 
tend to be complementary in affecting status. 
Problems concerning evaluation of socio-economic status which might 
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arise out of the forced extended family situation among the coloureds 
i·s avoided by the use of SES scores. S i nee the scores are based on 
all income recipients there is little loss of information. In the 
first place, the proportion of non-income earners who markedly affect 
the social status of a .family, or who have high social status is likely 
to be small. In the second, every individual, male or female, who may 
contribute to the household economic status is included. Among the 
coloured group in Cape Town this means that there is no loss of inform-
ation such as would occur if status were evaluated by family or head 
of household. 
Low average incomes mean that there are often more than one income earner 
in a family, and this is reflected by the nearly bi-modal nature of the 
profiles 6f 11% of the ESD's. It is possible that two groups of 
differing status within a single ESD may reflect differences between 
male and female income recipients. If this is the case in any one 
household it may in fact lead to an underestimation rather than an over-
estimation of the amount of money available in a family for the acqui-
sition of outward symbols of social status, e.g. housing. 
Although SES scores were calculated for a particular time (data were 
drawn from the May 1970 census>, this is not likely to affect status 
rankings at the present.time. The aim of the study is not to monitor 
individual scores or to consider the values themselves but to use SES 
scores as a tool for differentiating among the coloureds according to 
status. The method used for calculating SES scores, in which the 
averages of three cumulative percentile distributions are combined 
means that even if actual scores alter, relative status position is 
unlikely to change markedly over time. 
Finally, not only are scores available as averages for each ESD, of 
which the population is also known, but the frequencies by groups of 
ten are also given. This means that a profile of the socio-economic 
character of every ESD may be constructed. As data are available by 
ESD for the entire coloured group area of Greater Cape Town it is 
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possible to locate in physical space where coloureds with a particular 
SES score are living and to use theSES scores to establish whether 
spatial patterns of socio-economic differentiation emerge in the 
demarcated coloured residential areas. 
Social stratification has been shown to occur in any society <Tumin, 
1967). One means of defining or recognising the social strata which 
emerge is social area analysis (broadly defined). On the basis of one 
or more specified criteria, this approach identifies differing groups 
or strata in a population. These groupings or divisions take place in 
social space and it is deb9ted whether they can be translated into, and 
easily recognised in, physical space. The criteria by means of which 
individuals in the population are classed as similar or not are termed 
social indicators. The definition and derivation of these indicators 
has given rise to much debate primarily in terms of the the~retical · 
framework within which their derivation and definition are couched and 
therefore in terms of their reliability and representativeness as 
measures of the state of the society. 
The question of the applicability of the social area concept to the 
South African situation (and particularly the coloured population·group 
of Greater Cape Town> has been raised and the identification of an 
appropriate social indicator for grouping this population into social 
areas has been discussed. 
The aim of the present study is to establish whether, since the imple-
mentation of the Group Areas Act, with residential confinement to 
specific geographical locations, social areas can be identified within 
the coloured community and whether these differences are reflected in 
physical space as well. An investigation of the history and develop-
ment of the coloured people is therefore needed to establish whether 
social stratification among these people has been recognised in the 
past and therefore whether it is likely to occur today. 
CHAPTER II 
PERSPECTIVE ON THE COLOURED POPULATION 
IN THE GREATER CAPE TOWN APEA 
Social differentiation within any society results in the grouping of 
similar individuals in social space, into social areas. These may 
find their spatial expression reflected in the type and quality of 
housing occupied by a particular group at a particular time. In 
cases where this occurs, housing type can be used as an indicator of 
social differentiation. As the social and economic situation improves 
for this group, it moves into better housing, vacating accommodation 
in lower status areas for occupation by another less well-off group. 
It is by means of this filtering process in housing that distinct 
social areas develop within the residential structure of a city 
(Berry & Horton, 1970). The purpose of this resear~h is to establish 
whether or not this filtering process has been operative in Cape Town, 
especially in terms of the coloured group and whether housing type may 
be used as an indicator for identifying social areas in both social and 
physical space. In order to understand the complexities of the 
coloured population and the nature of social stratification in the 
brqader mille~ at the Cape as well as within the group itself, it is 
necessary to examine the evolution of the coloureds within the framework 
of Cape Town society as a whole. 
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In the Republic, with -the exception of some Malays, coloureds are the 
product of miscegenation among the ethnic groups (Davenport, 1977>. 
There is general agreement about their origins. Marais <1957); 
Wilson & Thompson (1969>; Whisson (1972> and Davenport <1977> indicate 
that the indigenous Khoikhoi had largely disappeared from the Western 
Cape as autonomous entities by the late 18th century. Defeated in 
battle and decimated by smallpox, they intermarried with slaves and 
others, including whites <Davenport, 1977>. Marriages between whites 
and half-castes- descendants of the Free Blacks <Boeseken, 1977) 
and liaisons between black and white <Davenport, 1977>, also contri-
buted to the forma,tior of th~ Cape Coloured people. 
The evolution of the coloured population may be divided into four 
periods, each of which is associated with distinct changes in society 
as a whole. 
I>. The period of Dutch occupation at the Cape < 1652- 1806> when 
society consisted of a servile group <slaves) and a non-servile group. 
I I) The period of British occupation <1806- 1910) when social strati-
fication became more complex as a result of the introduction of 
British customs, and the abolition of slavery. 
Ill) The period of South African government prior to the implementation 
of the Group Areas Act <1910-1950's). In this period social differ-
entiation became increasingly complex as a result of greater industrial-
ization and increased urbanization. 
IV) The period after Group Areas implementation to the present time -
in which ethnic groups have been separated into geographically defined 
residential areas, and normal forces operating to cause stratifica-
tion no longer apply to society as a whole, but may do so within the 
distinct ethnic groups. 
The importance of social change which has occurred within these periods, 
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lies in the effect which it has had on social stratification in Cape 
Town society as a whole, and within the coloured population group in 
particular. The physical manifestation of this stratification in 
western society and cities and is assumed to be recognizable in type 
and place of residence which shows distinct patterns of differentiation 
in each of these eras. 
The Period of Dutch Occupation at the Cape 1652 - 1806 
The pattern which emerges in this period is one of stratification or 
separation in the whole society on the basis of servility or non-
servility which was (with the exception of the Free Blacks) coincident 
with colour and originally with Christianity. While Mentzel ( 1921) 
distinguishes four classes within White society at the Cape <Company 
officials, free Burghers, wine and corn farmers and pastoralists, i.e. 
trek boers>, class distinctions in the European sense did not apply 
within the White community <Wilson & Thompson~ 1969). The White 
colonists were essentially a single community with a common heritage 
(Northern European Protestant) strongly unified by the Dutch Reformed 
Church. 
The other group of non-servile people at the Cape were the Free Blacks. 
These were slaves who had been manumitted and were free to live as and 
where they chose. Table 1.1 shows numbers of Free Blacks in the Cape 
district during this period. Boeseken (1977) mentions several cases 
of Free Blacks Living among the Free Burghers in the 17th century and 
describes the homes of at Least two families of Free Blacks living in 
Zee Straat. These people were entitled to all the rights of free 
citizens at the time. "The Free Blacks in the 17th century were 
not treated as a separate group" <Boeseken, 1977, p.97>. 
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TABLE 2.1 Free Blacks in the Cape district 
Prop. Free 
Year Men Women Children Total Burgher 
Population 
1685 4 •2 2 14 7,6% 
1711 18 18 6 42 6,0% 
1730 55 61 103 219 16,3% 
1750 94 98 157 349 15,8% 
1770 97 139 109 345 12,8% 
Source: <Elphic & Gil iomee, 1979) 
These people, both White and Black were all free citizens, property 
owners, and slave owners or the masters of Hottentot servants. They 
were thus distinctly different from the servile class of slaves and 
Hottentot labourers. This distinction was accentuated by a legal and 
social divide separating the free men who had civil rights, i.e. the 
right to marry, own property and bring or defend an action in a court 
of law from slaves who had no civil rights <Davenport, 1977; Wilson 
& Thompson, 1969). 
During Van Riebeeck's sojourn at the Cape schools were established 
to improve the working and selling potential of slaves but other children 
could attend. As early as 1662, however, slave and white school-going 
children were separated, as a school was established for whites 
(Laidler, 1952). On the other hand while there was a difference in 
type of housing for the two different social classes, there was no 
spatial separation of the groups in terms of separate quarters of the 
town for the different classes. Free men lived in houses, in town or 
on their farms, behind which were their slaves' quarters. The slaves 
belonging to the Company lived in the slave lodge just below and on 
the town side of the gardens <Figure 2. 1). Although domestic slaves 
were generally better treated than predial <Davenport, 1977) or 
Company slaves (Laidler, 1939>, there is no evidence of stratification 
among them. Slaves who came from the Rio de la Goa were considered 
inferior and kept in the basement of the slave lodge (Mentzel, 1857) 
but this was probably a distinction drawn by the Company rather than 
a self-developed pattern among the slaves. 
I I The Period of British Occupation at the Cape 1806- 1910 
This period is marked by distinct social change. Firstly, the pre-
viously unified and dominant but essentially white sector of the 
society became more diversified as a result of the introduction of 
English norms and customs (Wilson & Thompson, 1969). Secondly, it 
was during this period that the emancipation of slaves took place. 
This meant that all men were free with equal legal rights and there-
fore, in terms of Ordinance 50 of 1828, could own land (Davenport, 1977). 
Their socio-economic status would thus no longer be predetermined. 
At the beginning of this period, the total population of Cape Town 
was 16451 of whom 39% were Europeans. Figure 2.2 shows population 
composition, the growth and the increasing proportion of whites through-
out the period until by 1904 the total population had reached 188 781 
of whom 55% were white. 
According to Davenport (1977) the Cape during British occupation was 
dominated by an English-speaking element, Largely urban, official, 
mercantile and professional in character, which rested on a numerically 
larger but recessive Dutch (Afrikaans)-speaking community. Both 
these groups in turn depended on the services of coloured people - the 
Malay artisans and fisherfolk and coloured Labourers. Although 
Boeseken ( 1977) maintains that all traces of the Free Black popula-
tion was Lost in the 18th century, Davenport <1977> claims that the 
Khoisan, freed slaves and half-castes were all identified as "free 
persons of colour" after emancipation in the 1830's. 
Stratification in the community as a whole still existed. Within the 
white group there seem to have been different economic and social 
Levels. This is evident in the Letters of Lady Anne Barnard 
<Wilkins (ed.l, 1910) especially between British Government officials 
and the Afrikaner Burghers. Shorten <1963) also indicates a commer-
cial class, a class of tradesmen and a poor white group. It would 
appear that the division became one based essentially on occupation 
which in turn reflected a colour division. Table 2.2 shows that in 
1891 population "other than white" dominated in domestic (60%> and 
agricultural (76%> types of occupation, while whites dominated (90%> 
in the professional occupations. The implication is that people of 
colour were generally Labourers. Coloured workers were also paid 
Lower wages than whites for the same jobs <Houghton & Dagut, 1972, 
p. 194-5). 
The picture was essentially unchanged in 1904 but the Malays were 
differentiated as a separate group and proportionally more were 
involved in commerce< 10% vs. 6,5%> and industry <33% vs. 21.5%> than 
were the coloureds <Table 2.3). 
Stratification is thus evident in terms of occupation and although 
non-white people were clearly of a Lower economic and social status 
than the whites some degree of stratification did exist. 
The economic and associated social stratification within the Cape 
society as a whole also emerged in the residential layout of Cape Town 
and the outlying suburbs or villages. Although the population in all 
areas was mixed, the trend during the British Occupation appears to 
have been one of a general reinforcement of White dominance in the 
Figure 2.1 Plan of Cape Town 1767 
Source: Laidler 1952 
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TABLE 2.2 Occupations of "adult" population in Greater Cape Town 1891 
Class Total Population White 
No. % No. % 
Professional 10 713 6 9 638 90 
Domestic 78 075 45 31 567( F > 40 
Commercial 16 557 10 12 378<M> 75 
Agricultural 20 263 12 4 834(M) 24 
Industrial 39 123 23 20 480<M> 52 
Unspecified- 6 053 4 3372 56 
Total economically 170 784 82 269 
active 
Total Population 271 983 135 310 
M or F indicates dominant sex constituting this class 
% indicates percentage of total population represented by each 
class, and percentage of white and non-white in each class 
Source: Cape of Good Hope Census, 1891 
Other than white 
No. % 
1 075 10 
46 508<F> 60 
4_179<M> 25 
15 429<M> 76 
\J1 
_, 
18 643(M) 48 
2 682 44 
88 516 
136 673 
TABLE 2.3 Occupations of "adult" population in Greater Cape Town 1904 
Occupation Total White Malay Coloured Other Population 
Professional 33 203 29 942M 66M 1 195 2 OOOM 
,. 
Domestic 264 .628 96 052F 4 761F 80 823F 40 325F 
Commercial 65 442 44 750M 996M 11 633M 8 063M 
Agriculural 405 670 104 957M 53 2M 44 325M 225 856M 
\J1 
N 
Industrial 168 708 65 618M 3 311M 38 313M 61 466M 
··unspecified 13 718 7 740 146 1 998 3 843 
Total economic- 951 369 349 059 9 812 178 287 341 553 
ally active 
Total Population 1 489 691 553 452 15 615 285 382 635 242 
M or F indicates dominant sex constituting this class 
Source: Cape of Good Hope Census, 1904 
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prime locations, e.g. Wynberg and Claremont and a drift of coloured 
people to areas such as Parow, Maitland, Klipfontein and Serapta on 
the Cape Flats <Table 2.4>. A more affluent commuhity was to be found' 
on better land nearer the mountain and along the coastline (Putterill 
& Bloch; i978), in areas such as Green and Sea Point, Camps Bay, 
Wynberg, Rondebosch and Mowbray. The "handsome mansions of the rich" 
also stretched from Campground to Claremont in the 1840's <Laidler, 
1939>. The 1891 census shows that these areas were predominantly 
white <Figure 2.3> and that the proportion of whites had increased by 
1904. 
Kalk Bay is described as a fishing port which Whisson ( 1972) suggests 
had a Large number of coloured residents, while Simonstown was a naval 
base where in 1857 "the Malay population <approximately 20% of the 
total) exercised some influence on the habits of the Christian 
settlers" <Laidler, 1939, p.415>, and distinctly separate residential 
areas for whites, Malays and coloureds occurred within the town itself 
<Whisson, 1972). 
Noordhoek and the surrounding rural areas were residentially mixed, 
and groups of coloured fishermen liv'ed at Kalk Bay, Kommetjie, Hout 
Bay and Witsands. Salt River, still countrified in 1881, had fisher-
men's cottages dating from the days of free fishermen in 1665. That 
some of these fishermen's hovels were removed from the Rogge Bay area 
in 1875 <Laidler, 1939) suggests that this sector of the population 
were extremely poor, and that their accommodation presented both a 
sanitary problem and an eyesore to the wealthier public who thus 
discriminated against them. 
Davenport (1977> comments that the tag of "free persons of colour" 
after emancipation provided the Cape coloured people with an identity 
which many of them continued to regard as artificial. Whether 
stratification occurred within the coloured group itself cannot be 
established as there is little evidence or documentation of stratifi-
cation as such. However, from 1875 th'e Malays were separately 
1891 
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TABL.E 2.4 
Suburb 
Cape Town 
Green & Sea 
Point 
Camps Bay 
Wynberg 
Rondebosch 
Mowbray 
Cl<;~remont 
Parow 
Maitland 
Klipfontein 
Serapta 
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Distribution of coloured population 1891 and 1904 
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X 
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1904 
45% 45-50% 
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X 
X 
X 
X 
X 
X 
X 
X 
55% 
X 
X 
Source: Percentages derived from census data 1891 and 1904 
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enumerated. In addition specific areas where Malays lived are 
mentioned - the Malay Quarter in central Cape Town <Pollock & Agnew, 
1963>; parts of Claremont and Wynberg <Laidler, 1952>. These people 
clearly formed an accepted stratum of the coloured population; their 
cultural background and economic status, cqupled with their religious 
cohesion and residential differentiation made them distinctly 
recognisable. 
The fact that some coloureds resided in predominantly white areas and 
that a limited number were engaged in higher status occupations 
suggests that they might have become integrated into the community 
as a whole, while the existence of fishermen's cottages and areas with 
greater than 60% coloured communities such as Parow, Klipfontein and 
Serapta could be taken as evidence of a lower social stratum whose 
residential area was spatially separated from the rest of the community. 
Ellis et al, <1977, p. 114-5> mention squatter settlements on the Cape 
Flats, emphasizing the squalid conditions of Rondebosch extension, 
Maitland and Blaauvlei in Retreat, in the early 1900's. This implies 
a fourth and lowest stratum within the coloured community living in 
distinct shanty areas within the city. 
The pattern which emerges by the end of the period of British Occupa-
tion at the Cape is one of social stratification primarily based on 
occupation rather than entirely on the basis of colour (see Figure 2.3>. 
During the period a degree of residential stratification apparently 
emerged and ethnic separation became evident to a very limited extent 
as reflected in recognition of the Malay groups. 
I I I The Period After Union and Prior to the Implementation of the 
Group Areas Act (1910- mid-1950's> 
Between 1910 and 1950, during the period of Union, although there was a 
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numerical increase of 203716 coloureds the relative proportion 
remained more or Less constant at 46% <Table 2.5). It was only at 
TABLE 2.5 Cape Town Coloured Population Growth 1911- 1951 
1911 
Coloureds 39 302 
Total Popu- 197 332 
Lation 
Coloureds as 47% 
% of total 
1921 
108 489 
248 484 
44% 
Source: Bureau of Statistics, 1960 
1936 1946 1951 
169 392 228 944 297 018 
372 744 514 040 632 013 
45% 45% 48% 
the time of the First World War (1914- 1918) however, that problems of 
overcrowding were recognised in Cape Town and the first scheme for 
Council Housing <Bloemhof Flats in District Six) was put foward by the 
Health and Building Regulations Committee in 1916 <Shorten, 1963). 
The 'Flu epidemic of 1918 apparently brought home to ratepayers the 
. l • : 
conditions under which a large section of the population was living 
and prompted the Provincial Council to empower the City Council to 
grant housing loans to people of limited means. This could not have 
affected many coloured people, but for those able (economically) to 
take advantage of such a scheme, it meant the ability to own a home 
and thus the stratum within the coloured community was extended to 
those able to own their own homes. 
Although Council Housing for employees was undertaken on a small scale 
at MaitLand, Claremont and Mowbray and for coloureds in general and. 
58 
blacks at Milner Estate (now Gleemore>, it was not until 1929 that 
the City Council considered schemes for sub-economic housing. In 
1931 the flat building schemes aimed at clearing slums and alleviat-
ing accommodation pressure in District Six and in 1933 the cottages 
that represented the City's first Letting schemes in the Athlone area 
<Bokmakierie) were completed. In 1934, the Slums Bill became Act 
No~ 53 of that year <Shorten, 1963). This meant that housing classi-
fied as being of slum standard had to be renovated or demolished and 
better housing provided for the inhabitants. Between 1939 and 1949 
housing schemes were initiated for lower income families to the east 
of the main axis of the southern suburbs and concurrently housing for 
low-income coloured families was established on the Cape Flats. The 
provision of mass housing at Kewtown set the pattern of fringe develop-
ment and housing estates continued to be built on the Cape Flats from 
Athlone to Grassy Park and along the southern side of the Goodwood-
Bellville railway line, from Elsie's River to Bellville South 
<Putterill & Bloch, 1978). In District Six and the Malay Quarter, 
repairs and reconstruction were undertaken <Shorten, 1963). 
According to Marais <1957>, the State, since Union, has influenced the 
employment of skilled coloured labour in two ways: firstly, by dis-
criminating against them in Civil Service appointments; and secondly, 
by laying down the conditions of employment in pr;ivate undertakings. 
This has been achieved through a series of Acts such as the Apprentice-
ship Act of 1922, the Civilized labour Policy and the Industrial 
Conciliation Act of 1924 and the Wage Act of 1925 <Houghton & Dagut, 
1973), All of these Acts constitute barriers to high level economic 
achievement for Coloured people. The result is that in the main, 
coloured people are poorer and cannot afford housing in the more 
·favoured areas of the city. They are thus forced to locate in the 
Low rent and sub-economic Council Housing schemes (described above) 
in the peripheral areas of the city, or in older houses immediately 
adjacent to the commercial centre <the Malay Quarter and District Six). 
Ethnic grouping of residences was not really well defined until sig-
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nificant urban growth got underway (Putterill & Bloch, 1978). How-
ever by 1946 the coloured population in Cape Town numbered 228944 
(45% of the total population) of which 57236 or 25% were economically 
active, and by the 1950's a hierarchy of residential areas occupied 
by coloureds had emer~ged. 
Analysis of the maps produced by Scott, (1955) (Figures 2.4, 2.5 and 
2.6) shows that there is a distinct relationship between these 
coloured residential areas and quality of residence. High and medium 
grade residential districts are also areas of detached houses and 
appear to have been occupied almost exclusively by whites. Less 
than 20% of the coloured population group were located in areas of 
high grade detached housing in Rondebosch, Claremont and Wynberg. 
These form well defined pockets in predominantly white areas and 
reflect a difference in income within the coloured population group 
evident in the ability of this small percentage to live in high grade 
housing in the more favourable areas. The upper stratum would 
include home-owners such as those in the Milnerton area, This 
supposition is related to the relationship between economic status 
and residential differentiation based on the fact that approximately 
2% of the economically active population are employed in professional 
occupations <Table 2.6) 
In addition clear evidence of spatial separation on ethno/religious 
grounds within the coloured group occurs in that distinct areas of 
Malay population <Figure 2.4) are defined. The Malays are described 
by Scott (1955) as the aristocracy of the Cape coloured people due to 
the fact that traditionally they have been skilled craftsmen and thus 
in a better economic position than most other coloured people. 
Their religious homogeneity may have given them a distinct social and 
residential identity as they have tended to cluster in the areas 
around their mosques. Approximately half of the areas of coloured 
residence however, comprised semi-detached houses, terraces and 
tenements and are located near commercial sub-centres and along the 
suburban railway line where they are classified as "old" anc;l "low 
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stratum were the squ.atter elements <Ellis et at, 1977> which even 
by 1942 were located in areas such as Philippi, Grassy Park, Elsie's 
River and Windermere. 
Social and residential differentiation were therefore well developed 
in the coloured community and according to Marais <1957) and Whisson 
(1972> the spatial expression of this stratification- residential 
patterns -was determined largely by economic criteria prior to the 
implementation of the Group Areas Act of 1950. Economic restrictions 
imposed on the coloured population group during the period between 
·Union and the middle 1950's resulted in reduced potential to obtain 
housing or accommodation in the favourable areas for the majority of, 
the coloured population. It did not, however, prevent those who could 
afford it from living where they chose nor did it residentially 
separate white and coloured on the same economic stratum. It allowed 
for a pattern of stratification within the coloured community not as 
a separate entity but as a part of the wider society of Greater Cape 
Town. 
IV The period from the Implementation of the Group Areas Act 
(mid-1950's> to the Present 
The advent of the Nationalist Government ,in 1948, with its ideology 
of separate development for the various population groups <Davenport, 
1977> marks another turning point in the social history of South 
Africa and the residential structure of its cities. The Group Areas 
Act <No •. 41 of 1950) provided for the legal separation of residential 
areas, in which occupation or ownership or both are restricted to 
persons belonging to a specified racial group <S.A. I.R.R., 1951). 
In Greater Cape Town the coloured population group was thus ;for~ed to 
move into the areas set aside for them forming artificially created 
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and geographically defined ethnic areas. The first Group Areas pro-
clamations in the city were not gazetted until 1957 and these did not 
deal with all the Greater Cape Town area nor with the entire area 
mentioned in the Group Areas proposals for Cape Town in 1954-55. 
These proposals were that the entire area between the Atlantic Coast 
and the suburban railway as well as a considerable proportion of 
land east of the railway line, between Observatory and Wynberg, be 
set aside for whites. With the exception of Bellville South and a 
strip along the south-~estern border of Bellville municipal area, 
Bellville too, was to be reserved for whites. Battswood estate in 
Wynberg was to be reserved for Malays, while the coloured population 
was to have Bellville South and the south-western border strip, 
certain portions east of the railway line between Diep River and 
Retreat and near Zeekoe, Princess and Ronde Vleis. Areas on the Flats 
were also set aside for coloured group areas. Table 2.7 Lists the 
Group Areas proclaimed since 1957 while the present distribution of 
coloured group areas is shown in Figure 1. 
As a result of the Group Areas proclamations, Large numbers of 
coloured people have had to move out of established homes in desig-
nated white areas and find accommodation in the housing schemes and 
in other coloured areas on the Cape Flats. Exact numbers of people 
moved by Group Areas proclamations are not available, but figures 
quoted by the South African Institute of Race Relations give some idea 
of these. In 1961 2,6% of the white population as against 25,7% of 
the coloured population were affected by Group Areas proclamations 
<Table 2.8a), By 1963 proclamations of Group Areas in 1957, 1958 
and 1961 involved the removal of approximately 7500 whites, 94200 
coloureds and 4 700 asians, and by 1970 just over 15 000 coloured 
families had been resettled according to the Minister of Community 
Development. 
The scale of the operation is clear when 7133 coloured families had 
been moved from District Six alone by 1977 and 2534 were still to be 
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TABLE 2.7 Group Areas Proclamations for Greater Cape Town 
since 1957. 
1957-1961 Proclaimed White Entire Table mtn. area, including Sea 
Point and other Atlantic Coast Suburbs. 
Partly industrial and mixed resident-
ial areas east of city centre- Brook-
lyn, Pinelands, etc. Entire area 
1961 
1963 
1965 
1966 
NE of railway line to interior and 
branch to Somerset West. 
Proclaimed Coloured Housing schemes at Athlone and other 
areas on Flats (inland from railway 
line to Muizenberg) and at Kensing-
ton and inland from Brooklyn. Bell-
ville South and undeveloped land on 
Flats. 
Proclaimed White 
NB Malay Quarter separately classified 
for Malays. 
Entire region west of suburban railway 
(except small area adjoining Athlone 
and Battswood Estate) -from Salt 
River to Retreat, and Hout Bay to 
Zeekoevlei, Ottery and land round 
Zeekoe and Rondev lei . 
Proclaimed Coloured Battswood Estate, land to S. of 
Athlone, Retreat. Lotusrivier 
Estate area, including Princess and 
Little Princess Vlei. 
Proclaimed White Epping Garden Village 
Proclaimed White Part of Lotus River Area 
Proclaimed Coloured Grassy Park. Part of Lotus River 
area. Land in Wynberg adjoining 
Athlone. 
Proclaimed White , Major Portion of District Six. 
Frazerdale (between Rosebank & Ronde-
bosch and Athlone>, Claremont above 
railway line. 
continued -
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TABLE 2.7 {continued) 
1967 
1968 
Source: 
ProclaImed WhIte 
Proclaimed Coloured 
·Proclaimed WhIte 
Proclaimed Coloured 
Kommetjie, Simonstown, Fish Hoek, 
Kalk Bay, St James, Clovelly, Lake-
side, Muizenberg 
Slangkop <Ocean View> 
Large part of Woodstock, entire 
coastal strip from Three Anchor Bay 
to Duiker Point (including Sea Point, 
Bantry Bay, Bakoven, Oudekraal, 
Sandy Bay, Hout Bay Beach) 
Hout Bay harbour area. 
on Flats 
Further areas 
Survey of Race Relations in South Africa, SAIRR, 1961, 1963, 
1965, 1966, 1967, 1968. 
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TABLE 2.8 
a> Numbers affected by Group Areas in Cape Town 1961 
Group 1957 
White 100 
Coloured 14 900 
Asian 1 000 
16 000 
1958 
1 829 
34 604 
1 511 
37 944 
1961 
5 442 
44 644 
2 147 
52 233 
Total 
7 371 
94 148 
4 658 
106 177 
b) Numbers to be resettled by Group Areas in South Africa 1972 
Group NUMBER OF FAMILIES 
Disqualified Resettled To be resettled 
White 1 598 433 165 
Coloured* 76 544 41 199 35 345 
Indian 38 561 26 294 12 267 
Chinese 1 233 68 1 165 
i 30% coloured population of South Africa lives in 
Greater Cape Town 
contil")ued -
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TABLE 2.8 (continued> 
c> People in South Africa Removed in terms of Group Areas 
Act, 1975 
Group 
White 
Coloured * 
Indian 
Families 
; 
'15 
5 631 
677 
Persons 
47 
29 281 
3 385 
d) People in Cape to be resettled in Group Areas 1976 
Group 
White 
+ Coloured 
Indian 
Chinese 
Families 
365 
47 061 
2 134 
142 
Persons 
1 351 
244 718 
10 670 
526 
*!Note 30% coloured population of South Africa lives in Greater 
Cape Town 
+ 35% coloured population of Cape Province lives in Greater 
Cape Town 
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moved. Today the total estimated coloured population of Greater Cape 
Town is 821430 <Ferrario, 1979) and despite the moves 9,3% of these 
people still do not live in proclaimed coloured group areas. The 
majority however, do live in the thirty designated suburbs shown in 
Figure 1. 
The change in residential location is reflected in population numbers 
of what are now the predominantly coloured residential areas of Greater 
Cape Town when compared with these areas in the era prior to Group 
Areas implementation. From Table 2.9 it may be seen that while the 
' 
Cape Town and Simonstown areas have maintained a fairly constant pro-
portion of coloured population largely reflecting natural population 
increase a marked increase in population occurred in Bellville, Wynberg 
and in Grassy Park between 1951 and 1970. 
' I 
These suburbs contain a 
large proportion of designated coloured group areas, but unfortunate-
ly detailed figures are not readily available over the time period for 
individual suburbs, neither are they directly comparable. 
TABLE 2.9 Percentage, population coloured in selected areas of 
Greater Cape Town 1911 - 1970 
Area 1970 1~60 1951 1946 1936 1921 1911 
Mag. Distr. 
Bellville 59 57 49 50 47 53 55 
Mag. Distr. 
Cape Town 45 48 44 42 43 39 44 
Mag. Distr, 
Simonstown 33 31 42 35 47 37 35 
Mag. Distr. 
Wynberg 58 53 50 53 53 55 53 
Greater ~.T~ 
Total 54 51 44 42 43 39 44 
Spurce: Bureau of Statistics 1960, 1970 
TABLE 2.10 Occupational grouping of coloureds in the 01 economic region 
Year 
1970 
1960 
Total 
Population 
606 075 
417 414 
Economically 
active 
232 867 
100% 
165 622 
tOO% 
Profess-
ional 
6 177 
3% 
4 559 
3% 
Source: Bureau of Statistics, 1970, 1960 
White colLar 
workers 
133 172 
14% 
5 131 
3% 
Skilled Service 
Labour & workers 
production 
workers 
130 976 41 491 
56% 18% 
75 677 45 173 
46% 27% 
Unskilled 
Labour 
6 489 
3% 
7 514 
7% 
0'1 
\0 
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TABLE 2.11 Types of housing in coloured Group Areas 
Rented Owner occupied 
Suburb Sub-econo- Economic Private Lower High 
mic income income 
Malay Quarter X X 
Walmer Estate X X 
Wynberg X X 
Heathfield X 
Retreat X X X 
Lavendar Hill X 
Parkwood X X 
Grassy Park X X 
Mitchells Plain X X 
Lansdowne X X 
Hanover Park X 
Athlone X X X 
Kewtown, ) 
Bridgetown ) X 
Si lvertown ) 
Vanguard & X Welcome 
Heideveld X X 
Manenberg X 
Bonteheuwel X X 
Bishop Lavis X 
Matroosfontein X 
Elsies River X 
Be ll v i ll e Sou t h X 
Kensington & X X X X Factreton .. 
Belhar X 
Charlesv i lle X 
Sources: Ferrario, 1979; SAIRR, 1950-1978; Divisional of the Cape, 1978 
Figure 2.7 
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Over the 20 year period from 1951 to 1970 a change in occupation also 
occurred for the number employed as skilled labourers or production 
workers rose by 10% to 56% in 1970, with a concomitant drop in the 
proportion of unskilled and domestic work <Table 2. 10). Also, while 
the percentage employed in professional capacities remained constant at 
3%, that of white collar workers increased 5 times to 14% in 1970. 
It appears therefore that there is a relatively wide range in economic 
status among the coloureds and therefore that the ability to pay for 
accommodation varies within the group. However, for many coloured 
people, the forced moves have meant a decline in their economic 
potential as a result of Losses on previous properties <S.A. I,R.R., 
1970) and thus a reduced ability to find comparable housing elsewhere 
<<Western, 1978>. Much of the area set aside for coloureds was to a 
large extent undeveloped <S.A.I.R.R., 1971). Although many people 
have been obliged to seek accommodation in Council Housing Schemes, 
which operate on an allocative basis, a variety of housing types and 
accommodation may be found <S.A. I.R.R., 1950- 1978; Ferrario, 1979; 
Cape City Council, 1977; Divisional Council, 1979), These vary 
from sub-economic rented accommodation to affluent, privately-owned 
dwellings (see Figure 2.7 and Table 2J1>. 
The Theron Commission Report finds evidence of social and residential 
stratification within the coloured community, (Theron Commission 
Report, 1976) and identifies four broad status categories: 
1) The top group, about 20% of the coloured population, consisting 
of employers, professionals and skilled white collar workers who would 
be able to live in private (affluent) dwellings in areas such as 
Belhar, Charlesville, Squarehill, Elfindale or Puntz Estate <Heath-
field), Wynberg or in Mitchells Plain. 
2) The middle group, about 40% of the coloured population, which may 
be divided into upper and lower halves: 
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(a) The upper half consists mainly of semi-skilled workers who 
would probably have the finances to live in lower income home 
ownership schemes such as Mitchells Plain, Matroosfontein, 
Walmer Estate, Kensington, Bellville South or Lansdowne; or in 
economic rented dwellings in areas such as Kensington and Factre-
ton, Vanguard and Welcome, Bridgetown, Kewtown and Silvertown 
and Athlone. 
Cb) The lower half who are mostly unskilled workers, whose household 
incomes are not much more than the supplementary Living Level 
and would only be able to afford rented sub-economic dwellings 
in areas such as Bonteheuwel, Parkwood, Elsie;s River, Manenberg, 
Hanover Park, Heideveld, Bishop Lavis and Lavendar Hill. 
3) The bottom group, also about 40% of the coloured population, who 
are unskilled labourers and often unemployed or underemployed, They 
live in a situation of chronic poverty, Although some might live in 
sub-economic rental areas as mentioned above, the majority including 
the under- and unemployed are located in the squatter camps in areas 
such as Vrygrond, Strontyard, Lotus River area, Elsie's River and 
Ravensmead, where the total number of coloured squatters is bet.ween 
120 to 180 000 CElli s e.t a.l, 1977). 
A hierarchy, corresponding to the economic (reflecting census occupa-
tional groupings) and social strata of the coloured community in the 
Greater Cape Town area may be recognised. The implication of the 
existence of distinct economic strata within the coloured population 
group is that there is differential ability to pay for housing or 
accommodation within the coloured group areas. This suggests that 
because a gradation of housing types is available there is the possibi-
lity of a filtering process in the coloured community. It therefore 
implies that distinct social areas, corresponding to the different 
social strata could develop within the coloured group areas. 
The, history ard cjeve
1
lopment of the coloured population group of Greater 
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Gape Town falls n~turally into four distinct eras, each of which has 
shown changes in social and economic status for the coloured popula-
tion group. Throughout that time although the largest proportion 
of coloureds were in the lower economically defined strata, it was 
primarily betwe~n 1910 and the mid-1950's, that legal r•strictions 
began to influence the economic situation of the coloured group. The 
majority of the coloured group became entrenched as the lower echelons 
of society and with reduced economic potential, class and race 
became largely synonymous. Better defined ethnic areas began to 
develop as the coloured lower income groups were forced to reside in 
the cheaper, less favourable residential areas. Since the imple-
mentation of the Group Areas Act in the mid-1950's ethnicity of certain 
residential areas has been further strengthened and the coloured 
community has been forced to live in an artificially created and geo-
graphically well defined area. Stratification still exists· within 
the coloured community much as it did in the past and is still 
primarily a reflection of economic status. As a hierarchy of housing 
types has been identified this socio-economic stratification may 
still find its spatial expression in the emergence of distinct 
residential areas within the coloured group area. 
The nature of the patterns of social differentiation among the 
' ' 
coloureds in the wake of the Group Areas removals have yet to be deter-
mined. Using socio-economic status scores derived from the 1970 
census data by the TMS of the Cape Town City Council as indicators of 
social differentiation, this study attempts to determine and examine 
the patterns of socio-economic stratification which emerge both in 
social and physical space for the coloured population group of Greater 
Cape Town. 
CHAPTER III 
PATTERNS OF SOCIO-ECONOMIC STATUS 
Geographical phenomena distributed In space may take the geometric form 
of points, lines, areas and volumes and their distribution can be 
classified according to intensities, associations between them or flows 
between phenomena (Harvey, 1973b>. Great emphasis has been placed on 
the measurement of locational patterns or areal distributions as the 
focal point of contemporary human geography (Smith, 1975>. These 
patterns can be summarised in various ways, compared with one another 
and finally used as a tool to synthesize the whole. Synthesis in 
geography can be lnterpreted,as assessing the extent to which pattern 
might suggest process, or the links of cause and effect which lead 
things to be as they are <Harvey, 1973b; Smith, 1975). 
Pattern Recognition 
Although patterns of points, lines and areas have all been analysed in 
terms of nearest neighbour techniques <Walford, 1973) these methods, 
along with quadrat sampling have been used primarily in the analysis 
of point patterns. Nearest neighbour provides a simple, objective 
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technique for measuring spatial pattern, while quadrat sampling is 
concerned with the probability of finding 0, 1,2 ... n, points in an area 
of a given size (i.e. a quadrat). Both provide a convenient way of 
objectively describing some of the general characteristics of point 
patterns. 
The patterning of areas in particular however, presents serious 
problems. Analysis tends to be descriptive rather than analytic 
because of the mathematics involved in numerical analysis. Patterns 
are usually therefore analysed by descriptions of their relationship 
to one another or other patterns in terms of their location and 
variation and the values of the variable. Techniques for numerical 
analysis of areal patterns are however, available (Walford, 1973>. 
By means of the contiguity ratio it may be determined whether statistics 
for each unit area are distributed at random or whether they form a 
pattern <Geary, J.!!. Berry & Marble, 1968>. l.f the actual ratio found 
is significantly less than unity (probability under a random distribu-
tion) by reference to the standard error, then the units themselves 
can be regarded as contiguous. The ratio, therefore, establishes not 
only the fact, but the relative strength of contiguity. The general 
method Dacey <1968, J.!!. Berry & Marble) uses is to apply a variant of 
the four colour problem to any set of non-overlapping regions. Areas 
are then tested for contiguity in terms of the presence or absence of 
the attribute under consideration. Related analyses of associa-
tions between areal data by Moran ( 1950) and Geary ( 1968) in particular, 
were the basis of Cliff & Ord's (1969> statistic of autocorrelation. 
Autocorrelation is a measure of the spatial dependence of a variable 
distributed over an area. It is determined by means of simple 
correlation applications within a single data set.· 
Autocorrelation is of special interest to geographers because it 
expresses a characteristic of distributions which is inherently spatial 
<Olson, 1975). She suggests several ways in which autocorrelation 
in data can be tested, Kendall's Tau coefficient serves reasonably 
well as a measure of pattern or orderliness for each individual class 
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interval. Several other methods of measuring autocorrelation were 
however, applied to deal with the pronounced influence of identical 
neighbours. One method was' a simple proportion of identical neigh-
bours. Average difference between neighbouring values is another way 
of assessing netghbour relationships. In order to indicate the inter-
action between neighbouring units, the number of clusters of like 
values may be counted: the fewer the regions or clusters, the greater 
is the spatial organization. Finally the proportion of identical 
neighbours method may be adapted in an effort to find a means of 
giving weight to clusters, but also some weight to smoothness of 
transition between, and irregularity in shape of, clusters of like 
values. Every pair of values contributes to the difference between 
their class values. 
Olpon.C1975> do~s not aim to provide a quantitative measure that 
accurately predicts subjective judgment Cof map patterns) in an 
absolutely sound and scientific manner. Rather, her emphasis is 
on the utility of measures such as those given above, as indicators 
of the degree of organization rather than orientation or specific 
pattern. 
Analysis of patterning of areas is particularly relevant in terms of 
this research. The data input for this study (i.e. socio-economic 
status information) is first to be mapped. Resulting patterns may 
then be described in terms of their shape and nature. The data will 
then be subjected to the Cliff & Ord spatial autocorrelation 
procedure, whereby any spatial dependence in the distribution of 
social status may be ascertained. Although this procedure might 
imply some of the underlying processes leading to social differentiation 
i.e. that these processes result in regular, random or clustered 
dispersal of social status, to fully explain process, these patterns 
need to be s~t in a wider context <Smith, 1975) of which this study 
is merely the first stage. 
Data input for ~attern recognition may be a sfngle genera~iz~d 
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descriptive statistic <representative of the whole set) or a class 
of values <within the set> determined in an objective manner. The 
descriptive statistics are single statistics which are used to 
summarise the varying values within a data set. One value is chosen 
to give as reasonable an approxHnation as possible to what is 11 hormalil 
i.e. to summarise the data <Gregory, 1973). Three measures of 
central tendency in common use are mean, median and mode. Two of 
these measures (i.e. mean and modal class) are av.ai lable from socio-
economic status data. The objectively determined class of value 
should be based on the full profiles of each ESD. The ESD's may be 
classified as similar or not similar in profile and thus divided into 
clusters. Once these have been identified, they may be plotted on 
maps. The extent to which ESD's in the same cluster are contiguous 
may be assessed and the existence of spatial patterns thus est-
ablished. The problem which arises is that of assessing similarity 
or dissimilarity of ESD's on the basis of the percentage of population 
falling in each percentile group between zero and one hundred and 
is par.t of the more general problem of numerical classification. 
a) Classification 
Briefly, the aim of numerical classification is to group similar 
individuals together and to separate them from dissimilar individuals 
on the basis of objective measurements of certain specified criteria 
<Berry, 1958). A technique must be selected from the many available 
for measuring similarity and dissimilarity. Classificatory 
strategies and a process for determining choice of a suitable technique 
are summarised by Williams <1971> in the flow diagram <Figure 3. 1). 
---~---~--------~ 
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The selection of a classificatory procedure depends partly on the 
aims of the researcher, but more specifically upon the nature of the 
data to be classified (Johnson, 1968; Spence & Taylor, 1970; 
Clifford & Stephenson, 1975). Numerical classification is in this 
r'espect,. as Johnson ( 1968) states; subjective. 
The data set for this study (full profiles of population in each ten 
percentile group for each ESD> renders the first phase of the classi-
ficatory process- that of classification into broadly similar 
groups, unnecessary. The first two choices in the flow diagram 
<Figure 3. 1) are thus already determined as grouping of the data is 
both exclusive and intrinsic. 
The second phase of classification according to Spence & Taylor <1970) 
is that of actually measuring the similarity of individuals "object-
ively" on the basis of certain specified criteria. The form of the 
profiles for each ESD (population in ten percentile groups between 
zero and one hundred) is essentially hierarchical. Further, as the 
data is a measure of socio-economic status in the coloured areas of 
Greater Cape Town, any form of agglomeration is likely to result in 
basic heirarchical groupings of low, middle and high social status. 
Differences in status imply a hierarchical arrangement. It therefore 
appears that for this study, a hierarchical grouping method, (choice 3) 
typically illustrated by a dendrogram (Spence & Taylor, 1970> would 
be most appropriate. Since there is only one variable, <SES scores) 
and the data reflect the percentages of the ESD population occurring 
in each ten percentile group, multivariate and discriminant analysis 
are inappropriate as classificatory procedures. Similarity of the 
variate therefore suggests that an agglomerative approach (choice 5) 
be adopted for this purpose. 
Three programmes for calculating similarity coefficients and grouping 
data by hierarchical agglomerative methods (i.e. performing a cluster 
analysis resulting in a de'ndrogram as output> that are readily 
available include: 
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1> BMDP <cluster analysis of cases P 2M> 
2> Bray-curtis 
3) Canberra metric. 
The nature of the data set determines the choice of programme for cal-
culating the similarity coefficient. BMDP <Brown, 1977> is a 
package programme which is both easily accessible and capable of 
application to many types of data. The limitations of this programme 
lie in its nature as a package. Poor documentation gives no specifi-
cations of requirements for data input. However it appears that 
BMDP may be a non-hierarchical cluster programme. Clusters are 
formed on the basis of one of four distance measures, viz. Euclidean 
distance, absolute differences, chi-square statistic and phi-square 
statistic. None of these measures is appropriate for application 
to the data set for this study. Euclidean distance is a measure of 
physical, straightline distance. In this study ESD's must be 
grouped on the basis of their distance from one another in social 
space (i.e. socio-economic terms). The use of absolute differences 
maximises the distance between points in the data set and in this 
case the aim is to minimise the distance. The latter two are 
specifically non-parametric tests while the data set for the study is 
normally distributed. The programme was regarded as inappropriate 
in terms of the particular data set. 
:'~ 
Both the Bray-Curtis and Canberra Metric programmes are hierarchical 
and agglomerative in nature. Both also offer optimal strategies 
for sorting and clustering data. These include nearest neighbo~r; 
furthest neighbour; centroid; median and group average <Lance & 
Williams, 1967). Centroid, median and group average are inappropriate 
strategies for tris study 9s they are generalized measures and use of 
any of these would result in the loss of profile detail. 
The sorting strategy chosen for the study was furthest neighbour. 
Using this method the least similar ESD's are isolated leaving those 
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that are most similar grouped/together on the basis of the profile 
.characteristics.•. Mor~ intens·ive clustering is obtained by this 
method than would be the case if nearest neighbour sorting were 
used < Cti fford & Stephenson;· 1975). 
In order to render profiles for each ESD directly comparable without 
loss of infotmation, numbers of individuals in each class of the pro-
file should be converted to percentages. The matrix thus created 
. • ·t has relatively few extreme values, ·but a large number bf zeros in 
the higher and lower classes. Since the Canberra metric coeffiCient 
is more effective for data sets in which there are few zeros but 
occasional extreme values <Williams, 1971 >, it too was considered 
inappropriate for manipulat1on of the data set in this study. This 
left the Bray CurtJs as the only alternative. 
Although' it .is more sensi.f'ive to extreme values, the Bray-Curtis 
coefficient is not affected by large numbers of zeros in the data 
matrix. The Bray-Curtis programme was thus considered the most 
appropriate in. terms of the data set to be used. <For copy of 
programme see Appendix 1.>-
As is usual from this type of programme, the output is a listing of. 
clusters of slmil~r ESD's in which the degree bf clustering varies 
from 0 - 100%; and a dendrogram. In the latter, observations which 
are highly ~onnected group at an early stage and as the threshold for 
' . . 
joining a group is lowered, more observations or groups merge to form 
ttasses at lower levels of generalization until all group to~ether in 
a single class. Given this output, it is necessary to choose a 
specific level <from the variety which can be used) at which clusters 
can be identified. 
The level of similarity chosen as a cutoff point determining the degree 
of clustering ~nd the number of cluster groups, is dependent on the 
requirements of thl3 researcher. According to Moll, Campbell'& Probyn 
<1976>, there is no recognised objective procedure for ?el~ctipg . 
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Different wage and salary scales would similarly decrease the index 
for income and consequently educational opportunities would be 
commensurately lower, again reducing the score. The influence of 
the 40- 45 bulge is very limited for the data set is statistically 
normally distributed and all the values lie within three standard 
deviations of the mean. The coefficient of skewness is 0,34 and 
that for kurtosis is 2,86 1, as calculated using the Statjob unistat 2 
computer programme <M.A.C.C., 1976). 
Table 3. 1 Statistical characteristics of the study area 
Suburb Range Mean Modal values Median 
North 26 51 6,4 .49; 50; 52; 52 - skew 
Central 36 51 7,3 51; 53 52 - skew 
East 26 53 7,8 44 46 + skew 
South 35 49 8, 1 47; 50; 52 48,5 + skew 
1. For skewness a value of zero <O> and for kurtosis a value of 3 
indicate perfect normality <Gregory, 1973, p.59). 
Although mean values may hide differences in detailed characteristics 
between individual ESD's they do give some idea of the likelihood of 
trends or patterns in the distribution of social status over each of 
the four major residential concentrations. The mean calculated for 
each residential concentration shows that there is little obvious 
difference between the areas, a conclusion supported by the fact that 
the standard deviation has a range of only 1,7. When, however, the 
relationship between mode, mean and median values is considered, 
slight differences between the areas emerge. The eastern and southern 
suburbs show a positive skewness with a larger proportion of scores 
below the mean, while the northern and central suburbs are negatively 
skew. This is most marked in the northern area where there are two 
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modal values higher than the mean.. This suggests that higher status 
than average is found in two of the concentrations, viz. north and 
central, while the eastern and southern areas have below average 
socio-economic status. 
In order to get a clearer picture of the distribution of mean scores, 
the surface of average SES scores for each of the residential concen-
trations <Figures 3.3. - 3.6) has been drawn with the aid of the 
Saclant Graphics Computer Package (U.C,T. Computing Service, 1979). 
To ensure that the contour diagrams are directly comparable, the same 
scale is used for each area. The size of each residential concen-
tration is thus proportionally correct. Actual means were plotted 
at the point in the 'centre of each ESD and contours interpolated 
between given values. 
Northern suburbs <Figure 3.3) 
There is very little variation in mean SES scores in this area. 
Although the range of values is only 26 (Table 3.1), most scores vary 
between 50,5 and 60,5. Mean and median almost coincide. Variation 
in the mean scores is greatest from west to east (Figure 3.3(b)). 
The general trend is one of a ridge in the south west <Figure 3.2b< i )) a 
sudden sharp decrease towards the low of 34 in the centre and a steep 
increase towards the north eastern plateau before falling again to 
the north east corner low (39>. The flat character of the plateau 
of higher scores <60,5) is illustrated in Figure 3.2b (iii) and 
reflects the location of a single ESD which is proportionally the 
same as the other smaller ESD's. 
Central suburbs <Figure 3.4) 
This area also shows slight negative skewness and though the overall 
mean is the same as that for the northern suburbs, the range is 
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larger (Table 5. 1) and therefore greater contrasts can be expected. 
In fact the profiles <Figure 3.4b ( i & ii )) give an impression of 
generally higher scores. Except for a small outlier to the east 
of the indian residential area, a gradient from high mean values in 
the west <near white residential areas> to low ones In the east 
(where there is more coloured housing) is clearly evident (figure 
3.4b i). The north south pattern is one of gentle undulations but 
shows a steep rise to the plateau of high values <70,5) in the 
south. 
Eastern suburbs <Figure 3.5) 
As in the case of the northern suburbs there is not a great deal of 
variation in mean values in this area (range 26, Table 3. 1>. The 
eastern suburbs have the highest mean, despite having the lowest 
modal value of any of the residential concentrations. This high 
mean is a reflection of a few high values within a majority of low 
scores corresponding to areas of scores of 40 and below, accounting 
for the slight positive skewness. The profiles <Figure 3.5 b) are 
generally flat with small undulations but the trend is one of decrease 
from west to east <Figure 3.5 b ii). A plateau of mean values in 
the 50's to 60's runs almost diagonally from north west to south 
east, broken in the central area by an intrusion of lower values 
<40's) from the east. The entire panhandle area has extremely low 
scores (below 30) and are contained within a single contour. 
Southern suburbs <Figure 3.6> 
The relatively large range <Table 3. 1> and fairly low mean give rise 
to a positively skewed distribution in this area. This suggests 
that the scores will be unevenly distributed and generally below the 
average for the other residential concentrations. Profiles 
<Figure 3.6 b) show higher values along the northern and eastern 
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edges, dropping sharply to lower values and then flattening out 
towards the southern and western boundaries. This gradient from the 
northern and western edges to the southern and easttern· edges may 
again, as in the case of the central suburbs be related to the 
proximity of the convex edge to white residential areas and places of 
employment. The concave edge borders on an area of smallholdings 
and farmland. 
In two of the four areas (central and Southern> gra~ients from 
higher to lower mean SES scores can be identified. The northern 
suburbs shows two ridges of high values separated by a trough of 
lower scores. Overall, mean score plots show complex patterns of 
local level undulations. This suggests that broad patterns may 
., ' 
be identified but owing to the relatively small range found in mean 
scores, they need to be seen in conjunction with other measures of 
social status. 
ii) Modal class patterns 
Modal class values indicate the percentile into which the majority 
of income earners in an ESD fall. Assuming that the dominant social 
status group is most likely to influence the status of each ESD as a 
whole, use of modal classes should allow for a more realistic assess-
ment of socio-economic status than average values. If anything, 
use of the modal class would tend to underestimate the actual or 
average social status of any ESD where more than one individual con-
tributes to the status of the household. Modal class may also 
refl~ct a link with ho~sing as allocation of housing takes place on 
the basis of income of head of household. Where this is the case 
a high proportion of people of a certain income are likely to fall 
into the same socio-economic class and in the profile would then 
emerge as the modal class. 
Within the study area, modal classes show a fairly wide distribution 
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range as they extend over seven of the ten possible categories. In 
59% of the ESD's one modal class emerged as distinctly dominant over 
other classes <Figure 3.7 a) and the class value could therefore be 
regarded as representative of the socia status of the majority of the 
wage earners. In only 11% <53> of the ESD's the profile was bimodal 
<Figure 3.7 b) and in every case the two modes were adjacent to each 
other. If both values are taken into account these ESD's would be 
over represented~ Arbitrary selection of one or other is unsatis-
,, 
factory. The boundary value between these adjacent bimodal classes 
was therefore chosen as most representative and would also tend to 
under- rather than over-estimate actual social status within the ESD. 
In 30% of cases, however, the modal class does,not stand out as dominant 
over the other classes, which may have almost the same number of ) 
occurrences <Figure 3.7 c). It was felt that although the modal~ 
class was not obviously representative of the ESD it did reflect the 
highest frequency of occurrence and as it tended to be centrally 
located in the distribution was a satisfactory measure. 
Midpoint values for each modal class were plotted for each ESD in 
the four residential concentrations. Again using the Saclant Graphics 
Package <U.C.T, Computing Service, 1979) contour diagrams <Figures 
3.8- 3. 11) were produced. Modal class was also mapped by ESD using 
a number code for successive modal class. Besides giving a simpler 
visual image than, the contour diagrams, it was felt that this would 
best illustrate the degree of contiguity of ESD's of the same modal 
class. Perspective diagrams <Figure 3. 12> were also constructed by 
the Saclant Graphics Package <U.C.T. Computing Service, 1979). These 
diagrams sl1ow the nature of the "topography" of each area and obviate 
the need for profiles. The diagrams are viewed from the south east 
corner of each residential concentration and the angle of elevation 
is 80° from the horizontal, so that lqwer fe~tures in the background 
are not obscured by peaks or ridges in front of them. 
The distribution of modal class midpoints gives distinct p9tterns of 
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differing socio-economic status and reinforces the general trends 
shown by average SES scores. 
Northern suburbs <Figure 3.8) 
The modal classes 40 - 49 and 50- 59 contain the majority of ESD's 
in the area <45% and 30% respectively) (see Table 3.2). The north 
south trending ridge of high modal class <Figure 3.8 b) is actually 
a single large ESD <Figure 3.8 a) which is flanked by a sharp drop of 
two classes to the east and to the west a more gentle grqdient qown to 
the single very low cell. The population in this ESD is similar to 
that of the other ESD's in the northern suburbs and density is thus 
lower which may be related to the higher social status as reflected 
by a modal class of 70 - 79. The south west corner of the area, 
surrounded on three sides by white residential areas also has high 
modal class values, These two ridges of high value separated by a 
trough of lower values are outstanding features on the perspective 
diagram (Figure 3. 12>. At the centre of this trough is an ESD of 
modal class 30 ~ 39. This cell has a population of 604 while the 
mean for the area is 435. Density in this ESD is thus extremely high 
and the area has been identified as a squatter settlement (Simkins, 
1978). The remainder of the ESD's are of approximately the same size 
and form two groups of four and two groups of seven contiguous ESD's 
(Table 3 .. 2). 
Central suburbs (Figure 3.9) 
The most obviou::; fE;!ature is the large plateau of high scoring ESD's in 
the south east and a smaller one nqrtheast of the indian residential 
area. These are formed by 22 and six respectively of the 36 ESD's of 
modal class greater than 70 and are well illustrated in Figure 3. 12. 
A further five are one ESD from the main concentrations. In only two 
cases are contiguous ESD's in the percentile immediately 'higher or 
97 
lower. The break is far sharper for the rest - a drop of at least 
one and in some cases two percentiles. 
erally low scoring, with small isolated 
:;• 
The eastern sector is gen-
pockets of lower and higher 
modal values. In class 40 - 49 the groups contain an average of 35 
; 
ceU.s and 93% and 66% of the ESD's In this sector respectively form 
groups of more than three contiguous ESO's (see Table 3.2). Overall 
the topograpny is relatively smooth. 
Eastern suburbs (figure 3. 10> 
The modal class 40 ~ 49 dominates the eastern suburbs, accounting for 
55% of the total number of ESD's in this area. Of these, 95% con-
sist of more than three contiguous ESD's all lo~ated in the main 
section CTable 3.2>. Classes 50- 59 and 30- 39, although forming 
smaller proportions of the total C24% and 17% respecti~ely) are grouped 
' together and 83% and 62% respectively of their members comprise more 
than three contiguous ESD's. It can also be seen from the map that 
' 
on average, -groups 1 are formed of six contiguousESD's in these two 
modal classes. The two percentiles of highest value <60- 69 and 
70- 79) ESD's are single isolated ESD's <Table 3.2>. 
Other than in the case of a single ESD of high modal class <70 - 79> 
in the centre of the main area which is surrounded by ESD's of two or 
three modal classes Lower, adjacent ESD's are generally only one 
percentile removed from their immediate neighbours. The generally 
north west to south east trending ridge which emerged in the plot of 
mean SES scores although still identifiable <Figure 3. 10> is not 
; .. 
very high. The panhandle is made up of three large, sparsely 
populated cells, flanked by industry and.open land to the north and 
' I 
farmland to the sduth. It contains the lowest modal class values for 
both the eastern suburbs and the who~e study area (one ESD with the 
modal class of 10 - 19>. The overall impression; substantiated by 
the perspective diagram for this area (figure 3.12> is that of gentle 
undulations in modal class values. 
98 
Southern suburbs <Figure 3.11) 
Despite the majority <68%> of the ESD's in the area falling into three 
modal classes, the modat class contour diagram <Figure 3.11 b). gives 
a more broken pattern than the grad lent .of high scores on the north 
western edge to tower ones on the south eastern side shown by mean 
SES scores. This is clearly evident in the perspective diagram 
<.Figure 3.12>. Islands of high value amongst low scores and vice. 
versa are now evident in the south western and far eastern sections 
of the diagram. This corresponds~ to groups (containing on average 
six contiguous ESD's) of the modal classes 30 - 39; 40 - 49 and 
50 -59 in which 54%, 84% and 90% respectively comprise groups of three 
or more contiguous ESD's <Table 3.2). A fairly well defined plateau 
of values in the 70 - 79 percentile in the north west and north and 
one of modal class 40- 49 in the south east, are the most obvious 
f~atures. Althou~h only 10% of the t9tal ESD's fall into the class 
70- 79, three of these are separate outliers at least one percentile 
' 
·higher than all the surrounding ESD's. The remainder form a single 
group <Table 3.2) of five contiguous cells, adjacent to the white 
residential areas and make the plateau. There is a sharp drop of 
modal Class values <from two to four percentiles) from this plateau 
to the adjacent ESD's. 
In each of the residential concentrations which make up the study area 
then, the trends identified by the plotting of average SES scores are 
still recognisable but are intensified by the grouping inherent in 
plotting modal classes. Visually a distinct difference of more than 
one percentile occurred between adjacent groups of ESD's which 
suggested that the small groups of contiguous ESD's in the same modal 
class should be readily identified·and socio-economic status was 
more similar between these cells than it was to other ESD's although 
they are adjacent. 
It is of interest to establish whether groups of ESD's identified from 
modal class plots could be related ~to suburbs t~hlch are named sub-areas 
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lt
er
ed
 s
o
 
th
at
 
m
or
e 
th
an
 6
5K
 o
f 
c
o
re
 
sp
ac
e 
in
 t
he
 c
o
m
pu
te
r 
(li
m
it 
fo
r 
a
v
e
ra
ge
 l
en
gt
h 
an
d 
s
iz
e 
jo
bs
) 
c
o
u
ld
 b
e 
u
ti
li
ze
d 
an
d 
pl
ot
ti
ng
 s
u
br
ou
tin
es
 w
er
e 
re
w
ri
tt
en
 t
o
 a
llo
w
 t
he
 d
en
dr
og
ra
m
s 
to
 b
e 
dr
aw
n.
 
Fr
om
 t
he
 d
en
dr
og
ra
m
 
th
e 
n
a
tu
re
 o
f 
th
e 
s
im
il
ar
it
y 
o
f 
gr
ou
ps
 m
ay
 b
e 
e
s
ta
bl
is
he
d 
a
c
c
o
rd
in
g 
to
 t
he
 c
ri
te
ri
on
 t
ha
t 
m
em
be
rs 
o
f 
a 
gr
ou
p 
a
re
 
m
or
e 
s
im
il
ar
 t
o
 o
n
e
 
a
n
o
th
er
 t
ha
n 
to
 m
em
be
rs 
o
f 
a
n
o
th
er
 g
ro
up
. 
P
ri
or
 t
o
 g
ro
up
in
g 
e
a
c
h 
c
e
ll
 
is
 c
o
m
pl
et
el
y 
u
n
iq
ue
. 
Th
e 
c
r
it
er
ia
 f
or
 j
oi
ni
ng
 a
 c
lu
st
er
 h
ow
ev
er
, 
be
co
m
e 
le
ss
 s
tr
in
ge
nt
 a
s 
gr
ou
pi
ng
 p
ro
ce
ed
s 
an
d 
w
he
n 
a
ll
 t
he
 c
e
ll
s 
ha
ve
 b
ee
n 
c
o
n
n
e
c
te
d,
 
th
er
e 
is
 c
o
m
pl
et
e 
ge
ne
ra
li
ty
 <
A
bl
er
 e
~ 
a
l.
, 
19
72
>.
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 s
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u
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3
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 c 
2
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W
95
00
 
Fi
gu
re
 3
. 1
3 
P
ro
fi
le
s 
o
f 
ES
D'
s 
in
 t
he
 s
am
e 
m
od
al 
c
la
ss
 
%
 3
0 
-
39
 
%
 4
0 
-
49
 
%
 5
0 
-
59
 
W
95
00
 
25
 
25
 
50
 
W
20
29
 
50
 
25
 
25
 
10
8 
W
he
re 
th
e 
c
e
ll
s 
jo
in
 c
lo
se
 t
o 
o
n
e 
a
n
o
th
er
 a
nd
 a
 
c
ha
in
in
g 
e
ff
ec
t 
e
x
is
ts
, 
s
im
il
ar
it
y 
w
ith
in
 t
he
 d
at
a 
se
t 
is
 i
nd
ic
at
ed
. 
A
 d
is
ti
nc
tl
y 
st
ep
pe
d 
pa
tt
er
n 
ho
w
ev
er
, 
sh
ow
s 
th
at
 w
hi
le
 t
he
re
 a
re
 c
e
ll
s 
c
lo
se
ly
 
re
la
te
d 
to
 o
n
e 
a
n
o
th
er
, 
th
es
e 
as
 
a 
gr
ou
p 
di
ff
er
 f
ro
m
 o
th
er
 i
nd
iv
id
ua
ls
 
o
r 
gr
ou
ps
 o
f 
c
e
ll
s.
 
Th
e 
lp
ng
er
 t
he
 l
in
e 
re
pr
es
en
tin
g 
a 
c
e
ll
 b
ef
or
e 
it
 j
oi
ns
 w
ith
 a
n
o
th
er
, 
th
e 
m
or
e 
m
ar
ke
d 
is
 t
he
 d
if
fe
re
nc
e 
be
tw
ee
n 
it
 
an
d 
o
th
er
 c
e
ll
s.
 
An
 e
x
a
m
in
at
io
n 
o
f 
th
e 
de
nd
ro
gr
am
 r
e
v
e
a
ls
 t
he
 l
ev
el
 
a
t 
w
hi
ch
 c
le
ar
ly
 d
ef
in
ed
 g
ro
up
s 
em
er
ge
 a
nd
 s
im
il
ar
it
ie
s 
an
d 
di
ff
er
-
e
n
c
e
s 
be
tw
ee
n 
gr
ou
ps
 m
ay
 t
he
n 
be
 a
ss
e
ss
e
d,
 
Th
e 
c
u
to
ff
 p
oi
nt
 c
ho
se
n 
by
 t
he
 r
e
se
a
rc
he
r 
an
d 
dr
aw
n 
on
 
th
e 
di
ag
ra
m
 d
et
er
m
in
es
 t
he
 n
um
be
r 
o
f 
gr
ou
ps
 . 
.
 
i) 
Pa
tt
er
ns
 w
ith
in
 e
ac
h 
re
s
id
en
ti
al
 a
re
a
 
Th
e 
de
nd
ro
gr
am
s 
pr
od
uc
ed
 f
or
 e
ac
h 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n 
on
 
th
e 
ba
si
s 
o
f 
fu
ll
 p
ro
fi
le
s 
fo
r 
ea
ch
 E
SD
 a
re
 e
x
tr
em
el
y 
fl
at
 <
Fi
gu
re
s 
3.
14
-
3.
17
>.
 
C
lu
st
er
in
g 
be
gi
ns
 a
t 
a
pp
ro
xi
m
at
el
y 
th
e 
95
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
an
d 
is
 c
o
m
pl
et
e 
fo
r 
th
e 
n
o
rt
he
rn
 a
nd
 e
a
st
er
n 
c
o
n
c
e
n
tr
at
io
ns
 b
y 
th
e 
40
% 
le
ve
l 
<
Fi
gu
re
s 
3.
14
 &
 3.
 16
>;
 
by
 3
0%
 f
or
 t
he
 s
o
u
th
er
n 
su
bu
rb
s 
<
Fi
gu
re
 3
. 1
7>
 b
ut
 o
n
ly
 b
y 
5%
 f
or
 t
he
 c
e
n
tr
al
 c
o
n
c
e
n
tr
at
io
n 
Fi
gu
re
 3
. 1
5>
. 
Be
tw
ee
n 
gr
ou
p 
di
ff
er
en
ce
s 
.
fo
r 
th
e 
n
o
rt
he
rn
, 
e
a
st
er
n 
an
d 
so
u
th
er
n 
c
o
n
-
c
e
n
tr
at
io
ns
 i
s 
re
la
ti
ve
ly
 s
m
al
l 
w
hi
le
 g
re
at
er
 d
lv
er
si
ty
 c
an
 
be
 
-
ex
pe
ct
ed
 i
n 
th
e 
c
e
n
tr
al
 a
re
a
. 
W
ell
 d
ef
in
ed
 c
lu
st
er
s 
em
er
ge
 a
t 
th
e 
80
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
in
 e
ac
h 
o
f 
th
e 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
. 
At
 
th
is
 l
ev
el
 o
f 
th
e 
c
lu
st
er
in
g 
pr
oc
es
s,
 c
ri
te
ri
a 
fo
r 
in
di
vi
du
al
s 
jo
in
in
g 
a 
gr
ou
p 
ha
ve
 n
o
t 
be
co
m
e 
to
o 
ge
ne
ra
liz
ed
. 
Us
e 
o
f 
th
e 
sa
m
e 
c
u
t-
o
ff
 l
ev
el
 
in
 e
ac
h 
c
a
se
 
pr
ov
id
ed
 
u
n
if
or
m
ity
 o
v
e
r 
th
e 
w
ho
le 
st
ud
y 
a
re
a
 
a
lth
ou
gh
 i
t 
re
su
lt
ed
 i
n 
di
ff
er
en
t 
n
u
m
be
rs 
o
f 
gr
ou
ps
 b
ei
ng
 d
ef
in
ed
 f
or
 e
ac
h 
o
f 
th
e 
re
s
id
en
ti
al
 c
o
n
ce
n
-
tr
at
io
ns
. 
<
Th
es
e 
w
ill
 b
e 
re
fe
rr
ed
 t
o 
as
 
"
c
lu
st
er
s"
 o
r 
"
80
%
 l
ev
el
 
c
lu
st
er
s'
'.>
 
Th
es
e 
c
lu
st
er
s 
an
d 
th
e 
v
a
lu
es
 d
ef
in
ed
 f
or
-th
em
 b
y 
th
e 
in
fo
rm
at
io
n 
s
ta
ti
st
ic
 f
or
m
ed
 t
he
 b
as
is
 o
f 
th
e 
pa
tt
er
ns
 t
o 
be
 c
o
n
si
de
re
d.
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Fi
gu
re
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.1
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D
en
dr
og
ra
m
: 
so
u
th
er
n 
su
bu
rb
s 
\ '
· 
TA
BL
E 
3.
3 
A
re
a 
No
. 
o
f 
c
lu
st
er
s 
a
t 
C
lu
st
er
s 
O
ut
lin
es
 
ES
D
's 
br
ou
gh
t 
80
% 
le
ve
l 
70
% 
le
ve
l 
co
m
bi
ne
d 
Si
ng
le
 E
SD
 
in
 a
dj
ac
en
t? 
o
n
 
m
ap
 
N
or
th
er
n 
Su
bu
rb
s 
6 
4 
5 
&
 6 
-
ye
s 
4 
&
 3 
C
en
tr
al
 S
ub
ur
bs
 
16
 
a· 
15
 &
 16
 
-
ye
s 
12
,1
3 
& 
14
 
-
ye
s 
9,
10
 &
 1
1 
-
ye
s 
6,
7 
& 
8 
-
ye
s 
V
I 
3 
&
 4 
-
ye
s 
1,
2,
5 
Ea
st
er
n 
Su
bu
rb
s 
11 
3 
8,
9,
10
 &
 1
1 
-
ye
s 
5,
6 
&
 7 
-
ye
s 
1,
 2
 &
 .3 
& 
4 
-
ye
s 
So
ut
he
rn
 S
ub
ur
bs
 
12
 
5 
11
 
&
 12
 
6,
7,
8 
&
 9 
-
ye
s 
5 
&
 4 
-
ye
s 
3,
2 
&
 1 
-
ye
s 
11
4 
Th
e 
nu
m
be
r 
o
f 
in
di
vi
du
al
s 
in
 e
ac
h 
c
lu
st
er
 i
s,
 h
ow
ev
er
 s
m
al
l 
ge
ne
ra
lly
. 
A
lth
ou
gh
 a
 
to
ta
l 
o
f 
45
 c
lu
st
er
s 
is
 d
ef
in
ed
 o
v
e
ra
ll
, 
o
n
ly
 t
hr
ee
 c
o
n
ta
in
 
m
or
e 
th
an
 2
0%
 o
f 
t~
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
in
 t
h·e
 p
ar
ti
cu
la
r 
a
re
a
. 
Th
e 
in
fo
rm
at
io
n 
s
ta
ti
st
ic
 w
as
 
ru
n
 
fo
r 
ea
ch
 o
f 
th
e 
c
lu
st
er
s 
de
fi
ne
d 
a
t 
th
is
 l
ev
el
 o
f 
s
im
il
ar
it
y 
to
 d
et
er
m
in
e 
th
e 
pe
rc
en
ti
le
/s
 w
hi
ch
 
c
ha
ra
ct
er
is
e 
ea
ch
 c
lu
st
er
 a
nd
 t
he
 s
ig
ni
fi
ca
nc
e 
le
ve
l 
o
f 
th
e 
c
lu
st
er
in
g.
 
A
lth
ou
gh
 t
he
 l
ev
el
 o
f 
ge
ne
ra
li
za
ti
on
 i
s 
s
ti
ll
 a
c
c
e
pt
ab
le
 a
t 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y,
 f
ar
 f
ew
er
 c
lu
st
er
s 
(2
0)
 a
re
 d
ef
in
ed
 <
Ta
bl
e 
3.
3)
. 
Th
e 
de
cr
ea
se
 i
n 
th
e 
nu
m
be
r 
o
f 
c
lu
st
er
s 
a
t 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
is
 m
os
t 
m
ar
ke
d 
in
 t
he
 s
o
u
th
er
n 
an
d 
e
a
st
er
n 
su
bu
rb
s,
 w
he
re
 t
he
 n
um
be
r 
o
f 
gr
ou
ps
 w
as
 
re
du
ce
d 
by
 5
8%
 a
nd
 7
3%
 r
e
sp
ec
ti
ve
ly
. 
Th
is
 r
e
fl
ec
ts
 
th
e 
hi
gh
 l
ev
el
 o
f 
s
im
il
ar
it
y 
in
 t
he
se
 a
re
a
s.
 
Th
e 
co
m
bi
na
tio
n 
o
f 
a 
nu
m
be
r 
o
f 
c
lu
st
er
s 
!n
to
 a
 
$I
ng
le
 o
n
e 
do
es
 n
o
t 
ap
pe
ar
 t
o 
a
lt
er
 o
r 
in
fl
ue
nc
e 
th
e 
c
ha
ra
ct
er
 o
f 
th
e 
c
lu
st
er
s.
 
Th
e 
in
fo
rm
at
io
n 
s
ta
ti
st
ic
 
sh
ow
s 
th
at
 g
ro
up
s 
w
hi
ch
 c
o
m
bi
ne
 h
av
e 
th
e 
sa
m
e 
o
r 
v
er
y 
si
m
il
ar
 d
is
ti
ng
-
u
is
hi
ng
 c
ha
ra
ct
er
is
ti
cs
. 
W
he
re 
th
es
e 
di
ff
er
, 
e
.g
. 
Fi
gu
re
 3
. 1
4,
 
th
ey
 a
re
 o
n
ly
 o
n
e 
te
n 
pe
rc
en
ti
le
 a
bo
ve
 o
r 
be
lo
w 
c
ha
ra
ct
er
is
ti
c 
pe
rc
en
ti
le
 g
ro
up
s 
fo
r 
th
e 
o
th
er
 c
lu
st
er
s 
in
 t
he
 c
o
m
bi
na
tio
n.
 
Pr
o-
po
rt
io
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
re
pr
es
en
te
d 
by
 e
ac
h 
c
lu
st
er
 i
s 
th
er
ef
or
e 
gr
ea
te
r 
<
ei
gh
t 
c
lu
st
er
s 
no
w
 
c
o
n
ta
in
 o
v
e
r 
20
% 
o
f 
th
e 
to
ta
l 
! 
.
J; 
ES
D'
s 
in
 t
he
 a
re
a
), 
Th
e 
c
lu
st
er
s 
w
hi
ch
 a
re
 d
ef
in
ed
 o
n
ce
 
th
e 
c
u
t-
o
ff
 p
oi
nt
 o
n 
th
e 
de
nd
ro
-
gr
am
 h
as
 b
ee
n 
ch
os
en
 i
nd
ic
at
e 
th
e 
gr
ou
pi
ng
 o
f 
c
e
ll
s 
on
 
th
e 
ba
si
s 
o
f 
th
e 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
o
f 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
in
 s
o
c
ia
l 
sp
ac
e.
 
Jh
e 
se
co
n
da
ry
 a
im
 o
f 
th
is
 r
e
se
a
rc
h 
is
 h
ow
ev
er
) 
to
 e
s
ta
bl
is
h 
w
he
th
er
 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
c
o
u
ld
 b
e 
id
en
ti
fi
ed
 i
n 
ph
ys
ic
al
 s
pa
ce
. 
Th
e 
lin
k 
be
tw
ee
n 
th
e 
tw
o 
ca
n
 
be
 e
st
ab
li
sh
ed
 b
y 
tr
an
s-
fe
rr
in
g 
th
e 
c
lu
st
er
s 
o
n
to
 E
SD
 m
ap
s 
an
d 
th
us
 l
oc
at
in
g 
the
m
 i
n 
ph
ys
ic
al
 
sp
ac
e.
 
C
lu
st
er
s 
ge
ne
ra
te
d 
do
 n
o
t 
fo
rm
 a
 
co
m
pl
et
e 
hi
er
ar
ch
y 
as
 
di
d 
m
od
al 
c
la
ss
es
 a
nd
 
n
u
m
be
rin
g 
on
 
th
e 
m
ap
s 
a
re
 
th
er
ef
or
e 
n
o
t 
hi
er
ar
ch
ic
al
 
Ea
ch
 c
ha
ra
ct
er
 r
e
pr
es
en
ts
 o
n
ly
 o
n
e 
c
lu
st
er
 a
nd
 d
oe
s 
n
o
t 
n
e
c
e
s
s
a
ri
ly
· 
be
ar
 a
~y
 r
e
la
ti
pn
sh
ip
 t
o 
o
th
er
 c
lu
st
er
s.
 
11
5 
N
or
th
er
n 
SU
bu
rb
s 
In
 t
hi
s 
a
re
a
 
si
x 
c
lu
st
er
s 
em
er
ge
d 
a
t 
th
e 
80
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
(fi
gu
re
 3
.1
4>
. 
Tw
o 
c
lu
st
er
s,
 3
 a
nd
 6
 d
om
in
at
e 
th
e 
n
o
rt
he
rn
 s
u
bu
rb
s•
 
a
c
c
o
u
n
tin
g 
fo
r 
61
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's.
 
C
lu
st
er
 1
 c
o
n
ta
in
s 
a 
fu
rt
he
r 
15
%.
 
Th
us
 7
6%
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
in
 t
he
 a
re
a
 
fa
ll
 
in
to
 t
hr
ee
 g
ro
up
s.
 
Of
 t
he
 E
SD
's 
in
 t
he
 t
w
o 
do
m
in
an
t 
c
lu
st
er
s,
 
82
% 
an
d 
89
% 
re
sp
ec
tiv
el
y 
o
c
c
u
r 
in
 g
ro
up
s 
w
hi
ch
 h
av
e 
th
re
e 
o
r 
m
or
e 
ES
D'
s 
c
o
n
tig
uo
us
, 
w
hi
le
 c
lu
st
er
 1
 h
as
 6
0%
 o
f 
it
s 
ES
D'
s 
gr
ou
pe
d 
(T
ab
le 
3.
4,
 
Fi
gu
re
 3
. 1
8)
. 
At
 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y,
 c
lu
st
er
s 
5 
&
 6 
an
d 
3 
&
 4 
co
m
bi
ne
, 
gi
vi
ng
 a
 
to
ta
l 
o
f 
fo
ur
 c
lu
st
er
s 
fo
r 
th
is
 c
o
n
c
e
n
tr
at
io
n 
<
Fi
gu
re
 3
. 1
4>
. 
As
 t
he
 c
e
ll
s 
in
 t
he
se
 c
lu
st
er
 g
ro
up
s 
a
re
 
a
dj
ac
en
t, 
gr
ou
ps
 o
f 
c
o
n
tig
uo
us
 E
SD
's 
a
re
 
la
rg
er
. 
G
ro
up
s 
3 
&
 4 
no
w
 
do
m
in
at
e 
th
e 
a
re
a
 
<
Ta
bl
e 
3.
5)
 a
c
c
o
u
n
tin
g 
fo
r 
75
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's.
 
Th
es
e 
c
lu
st
er
s 
ha
ve
 9
3%
 a
nd
 9
1%
 r
e
sp
ec
tiv
el
y 
o
f 
th
ei
r 
ES
D'
s 
fo
rm
in
g 
c
o
n
tig
uo
us
 g
ro
up
s 
<
Fi
gu
re
 3
. 1
8)
. 
Th
e 
c
e
ll
s 
o
f 
low
 v
a
lu
e 
in
 t
he
 c
e
n
tr
e 
an
d 
n
o
rt
h 
e
a
s
t 
c
o
rn
e
r 
id
en
ti
fi
ed
 b
y 
m
od
al 
c
la
ss
 m
ap
pi
ng
, 
a
re
 c
le
ar
ly
 
e
v
id
en
t 
in
 t
he
 c
lu
st
er
 m
ap
pi
ng
 a
t 
bo
th
 7
0%
 a
nd
 8
0%
 l
ev
el
s 
o
f 
si
m
i-
la
ri
ty
 <
Fi
gu
re
 3
. 1
8)
. 
Tr
en
ds
 i
nd
ic
at
ed
 b
y 
m
od
al 
c
la
ss
 m
ap
pi
ng
 a
re
 
co
n
fir
m
ed
 b
y 
th
e 
c
lu
st
er
 m
ap
pi
ng
. 
In
 p
hy
si
ca
l 
sp
ac
e 
as
 
w
el
l 
as
 
s
o
c
ia
l,
 
th
en
, 
de
fi
ni
te
 s
o
c
ia
l 
gr
ou
ps
 o
r 
so
c
ia
l 
a
re
a
s 
ca
n
 
be
 i
de
nt
if
ie
d 
in
 t
he
 
n
o
rt
he
rn
 s
u
bu
rb
s.
 
C
en
tr
al
 s
u
bu
rb
s 
C
lu
st
er
 a
n
a
ly
si
s 
o
f 
th
e 
c
e
n
tr
al
 s
u
bu
rb
s 
a
t 
th
e 
80
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
<
Fi
gu
re
 3
. 1
5) 
pr
od
uc
es
 1
6 
c
lu
st
er
s 
o
f 
w
hi
ch
 t
h
re
e-
c
lu
st
er
s 
1, 
2 
&
 5 
a
re
 d
is
ti
nc
t 
o
u
tl
ie
rs
 c
o
n
si
st
in
g 
o
f 
a 
si
ng
le
 E
SD
. 
C
lu
st
er
 1
0 
c
o
n
-
ta
in
s 
th
e 
hi
gh
es
t 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D'
s 
( 1
8%
>, 
c
lo
se
ly
 f
ol
lo
w
ed
 b
y 
c
lu
st
er
 8
 w
ith
 1
6%
. 
No
ne
 o
f 
th
e 
re
m
ai
ni
ng
 1
3 
c
lu
st
er
s 
c
o
n
ta
in
s 
o
v
e
r 
9%
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
In
 t
he
 a
re
a
 
an
d 
no
ne
 
do
m
in
at
es
 t
he
 a
re
a
. 
C
lu
st
er
s 
3,
 4
, 
6 
&
 7 
to
ge
th
er
 c
o
m
pr
is
e 
o
n
ly
 
12
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D'
s 
an
d 
th
e 
o
th
er
 8
4%
 o
f 
th
e 
c
e
ll
s 
fa
ll
 
in
to
 n
in
e 
di
ff
er
en
t 
c
lu
st
er
s.
 
Th
e 
c
e
n
tr
al
 s
u
bu
rb
s,
 a
t 
th
e 
80
% 
11
6 
s
im
il
ar
it
y 
le
ve
l 
a
re
 
th
us
 d
iv
id
ed
 i
nt
o 
a 
la
rg
e 
nu
m
be
r 
o
f 
sm
a
ll 
s
o
c
ia
l 
gr
ou
ps
 w
ith
 s
li
gh
t 
di
ff
er
en
ce
s 
be
tw
ee
n 
th
em
. 
Pa
tt
er
ns
 a
nd
 t
re
nd
s 
w
hi
ch
 e
m
er
ge
d 
fro
m
 a
v
e
ra
ge
 S
ES
 s
c
o
re
 
pl
ot
s 
a
re
 
n
o
t 
a
t 
a
ll
 e
v
id
en
t 
( F
 i g
u r
e
 
3.
 19
 ) .
 
At
 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y,
 t
he
 n
um
be
r 
o
f 
c
lu
st
er
s 
is
 r
ed
uc
ed
 b
y 
ha
lf
 (
Fi
gu
re
 3
. 1
5>
. 
G
ro
up
s 
1, 
2 
&
 4 
re
m
ai
n 
a
s 
o
u
tl
ie
rs
 b
ut
 c
lu
st
er
s 
3 
& 
4;
 6
, 
7 
&
 7
; 
9,
 
1 0
 &
 1
1 ;
 
12
, 
13
 &
 1
4 
an
d 
15
 &
 1
6 
co
m
b i
 ne
 
to
 
fo
rm
 ~
In
gl
e 
c
lu
st
er
s.
 
C
lu
st
er
 6
 n
ow
 
do
m
in
at
es
 t
he
 c
o
n
c
e
n
tr
at
io
n 
w
ith
 
38
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's 
w
hi
le
 c
lu
st
er
s 
5 
an
d 
7 
a
c
c
o
u
n
t 
fo
r 
a 
fu
rt
he
r 
38
% 
<
Ta
bl
e 
3.
5)
. 
W
he
n 
m
ap
pe
d, 
(F
ig
ur
e 
3.
 1
9) 
o
n
ly
 4
 o
f 
th
e 
c
lu
st
er
s 
a
t 
th
e 
80
% 
s
im
il
ar
it
y 
le
ve
l 
<
i.
e.
 2
5%
) 
ha
ve
 o
v
e
r 
60
% 
o
f 
th
ei
r 
ES
D
's 
in
 g
ro
up
s 
o
f 
th
re
e 
o
r 
m
or
e 
c
o
n
tig
uo
us
 c
e
ll
s 
<
Ta
bl
e 
3.
4)
. 
C
lu
st
er
s 
1 
-
7 
c
o
n
s
is
t 
o
f 
s
c
a
tt
er
ed
, 
n
o
n
-c
o
n
tig
uo
us
 E
SD
's,
 w
ith
 t
he
 
e
x
c
e
pt
io
n 
o
f 
c
lu
st
er
s 
3 
&
 4 
in
 w
hi
ch
 8
0%
 a
nd
 5
5%
 r
e
sp
ec
ti
ve
ly
 o
f 
th
e 
ES
D'
s 
a
re
 
gr
ou
pe
d.
 
Th
e 
re
m
ai
ni
ng
 c
lu
st
er
s 
(8 
-
16
> 
a
re
 c
o
m
bi
na
tio
ns
 
o
f 
s
c
a
tt
er
ed
 a
nd
 c
o
n
tig
uo
us
 c
e
ll
s,
 
in
di
ca
tin
g 
an
 
o
v
e
ra
ll
 l
ac
k 
o
f 
c
o
n
-
ti
gu
it
y 
o
f 
s
o
c
ia
tg
ro
up
in
g 
in
 p
hy
si
ca
l 
sp
ac
e.
 
Th
is
 m
ig
ht
 h
av
e 
be
en
 
e
x
pe
ct
ed
 f
ro
m
 t
he
 l
ar
ge
 n
um
be
r 
o
f 
so
c
ia
l 
gr
ou
ps
 
id
en
ti
fi
ed
 b
y 
th
e 
c
lu
st
er
 a
n
a
ly
si
s.
 
Tr
en
ds
 a
n
d 
pa
tt
er
ns
 s
u
gg
es
te
d 
by
 m
od
al 
c
la
ss
 m
ap
pi
ng
 
ca
n
 
ho
w
ev
er
, 
be
 r
e
c
o
gn
iz
ed
. 
W
he
n 
c
lu
st
er
s 
a
t 
th
e 
70
% 
le
ve
l 
o
f 
si
m
i-
la
ri
ty
 a
re
 
m
ap
pe
d 
<
Fi
gu
re
 3
.1
9>
 c
o
n
ti
gu
it
y 
in
cr
ea
se
s 
m
ar
ke
dl
y 
a
s 
m
ig
ht
 
be
 e
x
pe
ct
ed
 s
in
ce
 t
he
 n
u
m
be
rs 
o
f 
ES
D'
s 
in
 e
a
c
h 
c
lu
st
er
 i
s 
la
rg
er
 
<
Ta
bl
e 
3.
5)
. 
W
ith
 t
he
 e
x
c
e
pt
io
n 
o
f 
c
lu
st
er
s 
1, 
2 
&
 4 
<
th
e 
o
u
tl
ie
rs
, 
c
o
n
si
st
in
g 
o
f 
o
n
e 
ES
D 
e
a
c
h)
, 
th
e 
o
th
er
 c
lu
st
er
s 
a
ll
 h
av
e 
o
v
e
r 
65
% 
o
f 
th
ei
r 
ES
D
's 
fo
rm
in
g 
gr
ou
ps
 o
f 
th
re
e 
o
r 
m
or
e 
c
o
n
tig
uo
us
 c
e
ll
s.
 
M
os
t 
.
gr
ou
ps
 
in
 f
ac
t 
c
o
n
s
is
t 
o
f 
be
tw
ee
n 
8 
an
d 
20
 c
o
n
tig
uo
us
 c
e
ll
s.
 
Th
e 
pa
tt
er
ns
 w
hi
ch
 e
m
er
ge
 f
ro
m
 t
he
 7
0%
 l
ev
el
 c
lu
st
er
 m
ap
pi
ng
 a
re
 
th
us
 
si
m
il
ar
 t
o 
th
os
e 
fro
m
 t
he
 m
od
al 
c
la
ss
 m
ap
, 
a
lth
ou
gh
 t
he
 p
at
te
rn
 o
f 
hi
gh
 m
od
al 
c
la
ss
 v
a
lu
es
 (
70
-
79
) 
w
hi
ch
 e
m
er
ge
d 
on
 
th
e 
w
e
st
er
n 
s
id
e 
o
f 
th
e 
a
re
a
 
an
d 
n
o
rt
h 
e
a
s
t 
o
f 
th
e 
in
di
an
 r
e
s
id
en
ti
al
 a
re
a
, 
a
re
 
bo
th
 s
pl
it
 
by
 7
0%
 l
ev
el
 c
lu
st
er
 m
ap
pi
ng
 
in
to
 t
w
o 
gr
ou
ps
. 
As
 
in
 t
he
 c
a
se
 o
f·
 
th
e 
n
o
rt
he
rn
 s
u
bu
rb
s,
 q
is
ti
nc
t 
gr
ou
ps
 o
f 
ES
D
's 
c
o
rr
e
sp
on
di
ng
 t
o 
th
e 
c
lu
st
er
s 
ca
n
 
be
 
id
en
ti
fi
ed
 a
t 
th
e 
70
% 
s
im
il
ar
it
y 
le
ve
l, 
in
di
ca
tin
g 
th
e 
e
x
is
te
nc
e 
o
f 
di
ff
er
en
t 
so
c
io
-e
co
no
m
ic
 s
tr
at
a 
in
 t
he
 c
o
lo
ur
ed
 p
op
ul
at
io
n 
11
7 
gr
ou
p,
 b
ot
h 
in
 s
o
c
ia
l 
an
d 
in
 p
hy
si
ca
l 
sp
ac
e.
 
Ea
st
er
n 
su
bu
rb
s 
El
ev
en
 c
lu
st
er
s 
w
er
e 
di
st
1n
gu
is
he
d 
in
 t
he
 e
a
s
te
rn
 s
u
bu
rb
s 
a
t 
th
e 
80
% 
s
im
il
ar
it
y 
le
ve
l 
<
Fi
gu
re
 3
.1
6)
, 
C
lu
st
er
 1
0 
w
hi
ch
 h
as
 t
he
 h
ig
he
st
 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's 
~2
6%
> 
do
m
in
at
es
 a
s 
no
 
o
th
er
 
c
lu
st
er
 c
o
n
ta
in
s 
m
or
e 
th
an
 1
4%
 o
f 
th
e 
to
ta
l.
 
As
 
in
 t
he
 c
a
se
 o
f 
th
e 
c
e
n
tr
al
 s
u
bu
rb
s,
 
th
e 
la
rg
e 
nu
m
be
r 
e
f 
c
lu
st
er
s 
e
a
c
h 
c
o
n
ta
in
in
g 
o
n
ly
 a
 
sm
a
ll 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D'
s 
in
 t
he
 a
re
a
 
w
ou
ld
 
su
gg
es
t 
th
at
 w
ith
 p
er
ha
ps
 t
he
 e
x
c
e
pt
io
n 
o
f 
c
lu
st
er
 1
0,
 
th
e 
s
o
c
ia
l 
di
ff
er
en
ce
s 
w
il
l 
n
o
t 
be
 m
ir
ro
re
d 
in
 p
hy
si
ca
l 
gr
ou
pi
ng
 o
f 
th
e 
c
e
ll
s.
 
H
ow
ev
er
, 
Fi
gu
re
 3
.2
0a
 
sh
ow
s 
th
at
 t
w
o 
di
st
in
ct
 g
ro
up
in
gs
 e
m
er
ge
. 
C
lu
st
er
 1
 h
as
 8
0%
 o
f 
it
s 
ES
D
's 
c
o
n
tig
uo
us
 i
n 
gr
ou
ps
 o
f 
th
re
e 
o
r 
m
or
e 
<
Ta
bl
e 
3.
4)
. 
Th
es
e 
fo
rm
 t
he
 d
ia
go
na
l 
s
tr
ip
 s
tr
et
ch
in
g 
fro
m
 n
o
rt
h 
w
es
t 
to
 s
o
u
th
 e
a
s
t 
w
hi
ch
 w
as
 
id
en
ti
fi
ed
 b
y 
m
od
al 
c
la
ss
 m
ap
pi
ng
. 
C
lu
st
er
 1
0 
ha
s 
60
% 
o
f 
it
s 
ES
D
's 
c
o
n
tig
uo
us
 i
n 
gr
ou
ps
 o
f 
th
re
e 
o
r 
m
o
re
. 
As
 t
hi
s 
is
 t
he
 d
om
in
an
t 
c
lu
st
er
 (
co
nt
ain
in
g 
th
e 
m
a
jor
ity
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's,
 
th
e 
pr
op
or
tio
n 
o
f 
gr
ou
pe
d 
c
e
ll
s 
is
 l
es
s 
th
an
 e
x
pe
ct
ed
. 
C
lu
st
er
s 
a
t 
th
e 
80
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
sh
ow
 l
it
tl
e 
c
o
n
ti
gu
it
y 
w
he
n 
m
ap
pe
d 
<
Fi
gu
re
 3
.2
0)
 a
nd
 p
at
te
rn
s 
be
ar
 r
es
em
bl
an
ce
 t
o 
th
os
e 
o
bt
ai
ne
d 
fro
m
 m
od
al 
c
la
ss
 m
ap
pi
ng
 o
n
ly
 i
n 
r·~
spe
ct 
o
f 
th
e 
di
ag
on
al
 r
u
n
n
in
g 
a
c
ro
ss
 
th
e 
m
ain
 s
e
c
ti
on
 o
f 
th
e 
e
a
s
te
rn
 r
e
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n.
 
Th
e 
nu
m
be
r 
o
f 
cl
us
te
r~
 a
t 
th
e 
70
% 
s
im
il
ar
it
y 
le
ve
l 
is
 r
ed
uc
ed
 t
o 
th
re
e 
<
Ta
bl
e 
3.
3)
 a
nd
 e
ac
h 
c
lu
st
er
 n
ow
 
c
o
n
ta
in
s 
a 
la
rg
er
 p
er
ce
nt
ag
e 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's 
in
 t
he
 a
re
a
. 
C
lu
st
er
 3
 c
o
n
ta
in
s 
th
e 
m
a
jo
rit
y 
o
f 
c
e
ll
s 
(56
%>
 f
ol
lo
w
ed
 b
y 
c
lu
st
er
 
w
ith
' 3
2%
 o
f 
th
e 
to
ta
l 
<
Ta
bl
e 
3.
5)
. 
Ve
ry
 d
is
ti
nc
ti
ve
 d
if
fe
re
nc
es
 i
n 
s
o
c
ia
l 
sp
ac
e 
a
re
 
th
us
 i
de
nt
if
ia
bl
e.
 
Co
nt
i~
ui
ty
 
is
 f
~r
 h
ig
he
r 
in
 ~
ac
h 
o
f 
th
e 
gr
ou
ps
 r
e
s
u
lt
in
g 
fro
m
 7
0%
 
le
ve
l 
c
lu
st
er
 m
ap
pi
ng
 <
Fi
gu
re
 3
.2
0)
. 
Th
is
 m
ig
ht
 h
ow
ev
er
, 
ha
ve
 b
ee
n 
e
x
pe
ct
ed
 b
ec
au
se
 o
f 
th
e 
la
rg
e 
nu
m
be
r 
o
f 
ES
D
's 
an
d 
sm
a
ll 
nu
m
be
r 
o
f 
c
lu
st
er
s.
 
On
ly
 c
lu
st
er
 2
 h
as
 l
es
s 
th
an
 8
7%
 o
f 
it
s 
in
 g
ro
up
s 
o
f 
th
re
e 
o
r 
m
or
e 
w
hi
le
 t
he
 o
th
er
 t
w
o 
c
lu
st
er
s 
e
s
s
e
n
ti
al
ly
 f
or
m
 o
n
e 
o
r 
tw
o 
la
rg
e 
gr
ou
ps
 o
f 
c
e
ll
s.
 
Th
is
 c
lo
se
ly
 r
e
se
m
bl
es
 t
he
 p
at
te
rn
 o
f 
m
ap
pe
d 
m
od
al 
11
8 
c
la
ss
es
 1
0 
-
19
 a
nd
 3
0
-
39
. 
O
ve
ra
ll 
th
e 
tr
en
ds
 s
u
gg
es
te
d 
by
 m
ea
n 
SE
S 
sc
o
re
 a
nd
 m
od
al 
c
la
ss
 m
ap
pi
ng
 a
re
 
in
te
ns
if
ie
d 
by
 t
he
 m
ap
pi
ng
 o
f 
c
lu
st
er
s 
re
su
lt
in
g 
fro
m
 a
 
c
u
t-
o
ff
 a
t 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
on
 
th
e 
de
nd
ro
gr
am
~ 
Th
e 
gr
ou
pi
ng
 i
n 
so
c
ia
l 
sp
ac
e 
a
t 
th
is
 L
ev
el 
is
 c
le
ar
ly
 . 
re
fl
ec
te
d 
in
 p
hy
si
ca
l 
sp
ac
e 
in
 t
he
 e
a
st
er
n 
su
bu
rb
s •
.
 
So
ut
he
rn
 s
u
bu
rb
s 
H
er
e 
12
 c
lu
st
er
s 
em
er
ge
 a
t 
th
e 
80
% 
s
im
il
ar
it
y 
le
ve
l 
<
Fi
gu
re
 3
. 1
7)
, 
bu
t 
no
 
si
ng
le
 c
lu
st
er
 d
om
in
at
es
 t
he
 c
o
n
c
e
n
tr
at
io
n.
 
Th
e 
la
rg
e 
nu
m
be
r 
o
f 
c
lu
st
er
s 
an
d 
th
e 
sm
al
l 
pe
rc
en
ta
ge
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
in
 e
ac
h 
<
Ta
bl
e 
3.
4>
 s
u
gg
es
ts
 t
ha
t 
w
he
n 
m
ap
pe
d, 
th
e 
c
e
ll
s 
w
il
l 
n
o
t 
fo
rm
 c
o
he
re
nt
 
gr
ou
ps
 r
e
fl
ec
ti
ng
 t
he
 s
o
c
ia
l 
gr
ou
pi
ng
. 
Th
e 
c
lu
st
er
 w
ith
 t
he
 h
ig
he
st
 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
ES
D'
s 
<a
lt
~o
ug
h 
th
is
 i
s 
o
n
ly
 1
5%
> 
is
 c
lu
st
er
 7
 
<
Ta
bl
e 
3.
4)
 c
to
se
ly
 f
ol
lo
w
ed
 b
y 
c
lu
st
er
 5
 w
ith
 1
3%
. 
C
lu
st
er
 6
 r
e
pr
e-
se
n
ts
 o
n
ly
 1
2%
 a
nd
 c
lu
st
er
 1
0 
a 
sm
al
l 
9%
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D'
s 
in
 t
he
 s
o
u
th
er
n 
su
bu
rb
s.6
2%
 a
nd
 7
0%
 r
e
sp
ec
tiv
el
y 
o
f 
th
ei
r 
c
e
ll
s 
fo
rm
 
c
o
n
tig
uo
us
 g
ro
up
s 
o
f 
th
re
e 
o
r 
m
o
re
. 
To
ge
th
er
 t
he
se
 c
lu
st
er
s 
ac
co
u
n
t 
fo
r 
49
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D'
s 
in
 t
he
 a
re
a
. 
C
lu
st
er
s 
1,
 9
 &
 11
 
c
o
n
si
st
 e
n
ti
re
ly
 o
f 
sc
a
tt
er
ed
 E
SD
's 
an
d 
th
e 
re
m
ai
nd
er
 o
f 
th
e 
c
lu
st
er
s 
sh
ow
 a
 
co
m
bi
na
tio
n 
o
f 
sc
a
tt
er
ed
 a
nd
 c
o
n
tig
uo
us
 c
e
ll
s 
<
Fi
gu
re
 3
,2
1)
. 
At
 t
he
 7
0%
 L
ev
el 
o
f 
s
im
il
ar
it
y 
ho
w
ev
er
, 
<
Fi
gu
re
 3
. 1
7) 
th
e 
nu
m
be
r 
o
f 
c
lu
st
er
s 
ha
s 
de
cr
ea
se
d 
to
 f
iv
e.
 
Ea
ch
 c
lu
st
er
 t
he
re
fo
re
 c
o
n
ta
in
s 
a 
hi
gh
er
 p
ro
po
rt
io
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
<
Ta
bl
e 
3.
5)
. 
C
lu
st
er
 3
 
do
m
in
at
es
 t
he
 a
re
a
 
no
w
, 
a
c
c
o
u
n
tin
g 
fo
r 
37
% 
o
f 
th
e 
c
e
ll
s 
an
d 
th
es
e 
fo
rm
 
tw
o 
La
rg
e 
gr
ou
ps
 (
 15
 a
nd
 1
7 
c
e
ll
s)
 o
f 
c
o
n
tig
uo
us
 E
SD
's 
w
he
n 
m
ap
pe
d 
<
Fi
gu
re
 3
.2
1)
. 
C
lu
st
er
 2
 a
ls
o 
c
o
n
ta
in
s 
a 
s
ig
ni
fi
ca
nt
 p
ro
po
rt
io
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
<2
2%
> 
o
f 
w
hi
ch
 7
5%
 f
or
m
 s
m
al
l 
gr
ou
ps
 
<3
 t
o 
5 
c
e
ll
s)
 o
f 
c
o
n
tig
uo
us
 E
SD
's.
 
Th
e 
re
m
ai
ni
ng
 t
hr
ee
 c
lu
st
er
s 
m
ak
e 
up
 t
he
 b
al
an
ce
 o
f 
24
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
an
d 
a
ll
 h
av
e 
o
v
er
 
4~
% 
o
f 
th
ei
r 
ES
D'
s 
fo
rm
in
g 
sm
al
l 
gr
ou
ps
 o
f 
c
o
n
tig
uo
us
 c
e
ll
s.
 
C
lu
st
er
s 
m
ap
pe
d 
a
t 
th
e 
80
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
<
Fi
gu
re
 3
. 1
2) 
do
 n
o
t 
sh
ow
 s
u
ch
 c
le
ar
 p
at
te
rn
s 
o
f 
so
ci
o-
ec
on
om
ic
 d
if
fe
re
nt
ia
ti
on
 a
s 
do
es
 t
he
 
m
ap
pi
ng
 o
f 
m
od
al 
c
la
ss
es
. 
Th
e 
tr
en
ds
 o
f 
br
ok
en
 t
op
og
ra
ph
y 
il
lu
st
ra
te
d 
11
9 
r
e
s
tr
ic
te
d
 
a
re
a
 
re
s
tr
ic
te
d
 
W
h
it
e
 
re
s
id
e
n
ti
a
l 
6 
k
m
 
I 0 
3 
l N 
c
h
a
ra
ct
e
rs
 1
 t
o
 6
 
de
no
te
 
80
"1
. 
le
ve
l 
c
lu
st
e
rs
 
c
h
a
ra
ct
e
rs
A
 t
o
 
D
 
d
e
n
o
te
 
70
"1
. 
le
ve
l 
c
lu
st
e
rs
 
I?
? I
 u
n
d
e
fi
n
e
d
 
E 
S 
D
's
 
Fi
gu
re
 3
.1
8 
C
lu
st
er
 p
at
te
rn
s:
 
n
o
rt
he
rn
 s
u
bu
rb
s 
a
re
a
 
w
h
it
e
 
15
 
w
h
it
e
 
4 
•
e
s
ld
e
n
tl
a
l 
-
.
.
.
.
.
 
~ 
12
0 
bl
ac
.k
 
re
s
id
e
n
ti
a
l 
In
d
ia
n
 
re
s
id
e
n
ti
a
l 
D
 
5 
D
 5
 
F 
b
la
c
k
 
e
s
id
en
tia
l 
.
.
.
.
.
.
.
.
.
 
re
s
id
e
n
ti
a
l 
Fi
gu
re
 3
.1
9 
C
lu
st
er
 p
at
te
rn
s:
 
c
e
n
tr
al
 s
u
bu
rb
s 
' 
km
 
' 0 
N
 
c
ha
ra
ct
er
s 
1 
to
 1
6 
de
no
te
 
80
1.
 l
e
ve
l 
c
lu
st
e
rs
 
c
ha
ra
ct
er
s 
A 
to
 
H
 
de
no
te
 
70
.,.
 l
e
ve
l 
c
lu
st
e
rs
 
1?
?1
 
u
n
d
e
fi
n
e
d
 
E
S
C
's
 
11
 
4 
Fi
gu
re
 3
.2
0 
c
h
a
ra
ct
e
rs
 1
 t
o
 1
1 
d
e
n
o
te
 
80
'1
. 
le
ve
l 
c
lu
s
te
rs
 
c
h
a
ra
ct
e
rs
 A
 t
o
 
C 
d
e
n
o
te
 
70
-,.
 l
e
ve
l 
c
lu
s
te
rs
 
I?
 ?I
 
u
n
d
e
fi
n
e
d
 
E 
S 
D
's
 
in
d
u
s
tr
ia
l 
8
5
 
; 
,
 
o
p
e
n
 
a
n
d
 
fa
rm
la
n
d
 
,
 
,
 
C
lu
st
er
 p
at
te
rn
s:
 
e
a
s
te
rn
 s
u
bu
rb
s 
k
m
 
I 
l~ N
 
L 
I 
I 
"
 
w
h
it
e
 
re
s
id
e
n
tia
l 
Fi
gu
re
 3
.2
1 
c
ha
ra
ct
er
s 
1 
to
 1
 2
 d
en
ot
e 
80
1.
 l
e
ve
l 
c
lu
st
e
rs
 
I 
l 
' 
c
ha
ra
ct
er
s 
A 
to
 E
 
de
no
te
 
70
'7.
 h
~v
el
 c
lu
st
e
rs
 
I??
 I 
u
n
d
e
fi
n
e
d
 
E 
S 
D
's
 
fa
rm
in
g 
·
5 
k
m
 
I 0 
A
2 
N
 
C
lu
st
er
 p
at
te
rn
s:
 
so
u
th
er
n 
su
bu
rb
s 
TA
BL
E 
3.
5 
C
on
tig
ui
ty
 i
n 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
: 
70
% 
le
ve
l 
c
lu
st
er
s 
G
lu
st
er
 
Gr
ou
p 
o
f 
Pr
op
. 
o
f 
Gr
ou
p 
o
f 
.
 
Pr
op
 o
f 
G
ro
up
 o
f 
Pr
op
. 
o
f 
No
. 
Pr
op
. 
o
f 
1 
ES
D 
gr
ou
p 
2 
ES
O 
gr
ou
p 
3+
 E
SD
 
gr
ou
p 
to
ta
l 
ES
D
's 
N
 1
 
0 
-
1 
40
% 
1 
60
% 
5 
15
% 
·.
 
N
 2
 
1 
33
% 
1 
67
% 
0 
-
3 
9%
 
w
 3 
1 
7%
 
0 
-
2 
93
% 
14
 
42
% 
N
 4
 
1 
9%
 
0 
-
2 
91
% 
11
 
33
% 
c 
1 
1 
10
0%
 
0 
-
0 
-
1 
1%
 
c 
2 
1 
10
0%
 
0 
-
0 
-
1 
1%
 
c 
3 
1 
5%
 
0 
-
3 
95
% 
21
 
10
% 
N
 
.
c:
. 
c 
4 
1 
10
0%
 
0 
-
0 
-
1 
17
% 
c 
5 
7 
19
% 
3 
16
% 
3 
65
% 
37
 
1%
 
c 
6 
2 
2%
 
1 
2%
 
9 
96
% 
83
 
38
% 
c 
7 
5 
11
% 
4 
17
% 
4 
72
% 
46
 
21
% 
c 
8 
3 
10
% 
2 
14
% 
2 
76
% 
29
 
13
% 
E 
1 
4 
9%
 
1 
4%
 
2 
87
% 
46
 
32
% 
E 
2 
3 
17
% 
3 
33
% 
2 
50
% 
18
 
12
% 
E 
3 
4 
5%
 
1 
2%
 
5 
93
% 
82
 
56
% 
s 
1 
3 
33
% 
1 
22
% 
1 
45
% 
9 
10
% 
s 
2 
3 
15
% 
1 
10
% 
4 
75
% 
20
 
22
% 
s 
3 
0 
-
0 
-
2 
10
0%
 
34
 
37
% 
s 
4 
3 
38
% 
.
 
0 
-
1 
62
% 
8 
9%
 
s 
5 
2 
40
% 
0 
-
1 
60
% 
5 
5%
 
12
5 
by
 m
od
al 
c
la
ss
 m
ap
pi
ng
 a
nd
 a
v
er
ag
e 
SE
S 
sc
o
re
 
pl
ot
s 
a
re
 
ho
w
ev
er
, 
w
e
ll·
 
re
fl
ec
te
d 
in
 t
he
 8
0%
 l
ev
el
 c
lu
st
er
 m
ap
. 
Th
e 
pa
tt
er
ns
 w
hi
ch
 e
m
er
ge
d 
fro
m
 m
od
al 
c
la
ss
 m
ap
pi
ng
 a
re
 
<a
s 
in
 t
he
 c
a
se
 o
f 
th
e 
e
a
st
er
n 
an
d 
c
e
n
tr
al
 
su
bu
rb
s>
 
in
te
ns
if
ie
d 
an
d 
v
er
y 
c
le
ar
ly
 i
ll
us
tr
at
ed
 b
y 
m
ap
pi
ng
 a
t 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y.
 
On
ce
 a
ga
in
 t
he
re
fo
re
, 
di
ff
er
en
ce
s 
in
 s
o
c
io
-
ec
o
n
o
m
ic 
s
ta
tu
s 
an
d 
gr
ou
pi
ng
s 
id
en
ti
fi
ed
 i
n 
so
c
ia
l 
sp
ac
e 
fo
r 
th
e 
so
u
th
er
n 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n 
a
re
 
m
irr
or
ed
 i
n 
ph
ys
ic
al
 s
pa
ce
. 
In
 e
ac
h 
o
f 
th
e 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
, 
th
e 
tr
en
ds
 a
nd
 g
en
er
al
 
pa
tt
er
ns
 i
de
nt
if
ie
d 
fro
m
 m
od
al 
c
la
ss
 m
ap
pi
ng
 a
re
 
re
c
o
gn
is
ab
le
 i
n 
th
e 
80
% 
le
ve
l 
c
lu
st
er
 m
ap
pi
ng
. 
Pa
tt
er
ns
 t
en
d 
to
 b
e 
fra
gm
en
te
d 
on
 
ac
co
u
n
t 
o
f 
th
e 
la
rg
e 
nu
m
be
r 
o
f 
c
lu
st
er
s 
an
d 
th
e 
sm
al
l 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
ES
D'
s 
in
 t
he
 a
re
a
 
c
o
n
ta
in
ed
 i
n 
ea
ch
 c
lu
st
er
. 
W
he
n 
th
e 
70
% 
c
lu
st
er
 
gr
ou
ps
 a
re
 m
ap
pe
d, 
ho
w
ev
er
, 
nu
m
be
r 
o
f 
c
lu
st
er
s 
is
 g
re
at
ly
 r
ed
uc
ed
 a
nd
 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
in
 e
ac
h 
c
lu
st
er
 i
s 
c
o
n
se
-
qu
en
tly
 i
nc
re
as
ed
. 
Pa
tt
er
ns
 s
ho
wn
 b
y 
th
e 
80
% 
c
lu
st
er
 m
ap
s 
a
re
 
ge
ne
ra
l-
iz
ed
 i
n 
th
e 
70
% 
o
n
e
s,
 
a
s 
c
lu
st
er
s 
co
m
bi
ne
 a
nd
 m
or
e 
a
dja
ce
nt 
ES
D'
s 
gr
ou
p 
to
ge
th
er
. 
Th
is
 
is
 m
os
t 
n
o
tic
ea
bl
e 
in
 t
he
 e
a
st
er
n 
su
bu
rb
s 
w
he
re
 
th
e 
nu
m
be
r 
o
f 
gr
ou
ps
 d
ec
re
as
es
 f
ro
m
 
11 
to
 3
. 
Th
e 
70
% 
c
lu
st
er
 
pa
tt
er
ns
 v
er
y 
c
lo
se
ly
 r
es
em
bl
e 
th
e 
pa
tt
er
ns
 p
ro
du
ce
d 
by
 m
ap
pi
ng
 o
f 
m
od
al 
c
la
ss
es
 a
lth
ou
gh
 i
n 
a 
lim
ite
d 
nu
m
be
r 
o
f 
c
a
se
s 
o
f 
th
es
e 
gr
ou
ps
 
a
re
 
s
pl
it
 a
nd
 o
th
er
s 
a
re
 
am
al
ga
m
at
ed
. 
A
lth
ou
gh
 i
n 
th
e 
n
o
rt
he
rn
 
su
bu
rb
s 
pa
tt
er
ns
 f
ro
m
 m
od
al 
c
la
ss
 a
re
 
ge
ne
ra
liz
ed
 b
y 
th
e 
70
% 
le
ve
l 
c
lu
st
er
s,
 t
he
 c
e
ll
s 
o
f 
to
w
 
v
a
lu
e 
in
 t
he
 c
e
n
tr
e 
an
d 
n
o
rt
h 
e
a
st
er
n 
c
o
rn
e
r 
re
m
ai
n 
c
le
ar
ly
 d
is
tin
gu
is
ha
bl
e.
 
In
 t
he
 c
e
n
tr
al
 s
u
bu
rb
s 
th
e 
tr
en
d 
is
 a
ls
o 
to
 a
 
ge
ne
ra
li
za
ti
on
 o
f 
m
od
al 
c
la
ss
 p
at
te
rn
s 
e
x
c
e
pt
 
in
 t
he
 
c
a
se
 o
f 
th
e 
hi
gh
 m
od
al 
c
la
ss
 (
70
 -
79
> 
a
re
a
s 
in
 t
he
 w
es
t 
an
d 
to
 t
he
 
e
a
s
t 
o
f 
th
e 
In
di
an
 r
e
s
id
en
ti
al
 a
re
a
 
w
hi
ch
 a
re
 d
iv
id
ed
 i
nt
o 
tw
o 
gr
ou
ps
. 
Th
e 
di
st
in
ct
 d
ia
go
na
l 
pa
tt
er
n 
in
 t
he
 m
ain
 s
eG
tio
n 
an
d 
th
e 
ge
ne
ra
l 
tr
en
d 
to
 g
ro
up
in
g 
e
ls
ew
he
re
 i
n 
th
e 
a
re
a
 
id
en
ti
fi
ed
 b
y 
m
od
al 
c
la
ss
 
w
er
e,
 
as
 
e
x
pe
ct
ed
, 
e
a
s
il
y 
di
st
in
gu
is
ha
bl
e 
fro
m
 t
he
 7
0%
 c
lu
st
er
 m
ap
pi
ng
 
in
 t
he
 e
a
st
er
n 
a
re
a
. 
In
 t
he
 s
o
u
th
er
n 
c
o
n
c
e
n
tr
at
io
n 
to
o,
 m
od
al 
c
la
ss
 
an
d 
80
% 
c
lu
st
er
 p
at
te
rn
s 
w
er
e 
am
al
ga
m
at
ed
 b
y 
70
% 
le
ve
l 
c
lu
st
er
s 
w
ith
 
th
e 
e
x
c
e
pt
io
n 
o
f 
th
e 
pl
at
ea
u 
o
f 
hi
gh
 m
od
al 
c
la
ss
 v
a
lu
es
 (
70
 -
79
) 
in
 
th
e 
n
o
rt
h 
w
es
t 
an
d 
th
e 
gr
ou
ps
 o
f 
m
od
al 
c
la
ss
 3
0 
-
39
 i
n 
th
e 
fa
r 
so
u
th
 
) 
12
6 
an
d 
e
a
s
t 
w
hi
ch
 a
re
 
di
sa
gg
re
ga
te
d.
 
An
 e
x
pl
an
at
io
n 
fo
r 
th
e 
di
ff
er
en
ce
s 
in
 p
at
te
rn
s 
be
tw
ee
n 
m
od
al 
c
la
ss
 
an
d 
70
% 
c
lu
st
er
s 
is
 t
ha
t 
w
hi
le
 c
e
ll
s 
a
re
 
c
lu
st
er
ed
 o
n 
th
e 
ba
si
s 
o
f 
s
im
il
ar
it
y 
o
f 
o
n
e 
te
n 
pe
rc
en
ti
le
 g
ro
up
 
in
 m
od
al 
c
la
ss
 m
ap
pi
ng
, 
70
% 
c
lu
st
er
s 
di
st
in
gu
is
h 
s
im
il
ar
it
y 
on
 
th
e 
ba
si
s 
o
f 
a
ll
 t
en
 p
er
ce
nt
il
e 
gr
ou
ps
, 
th
us
 g
iv
in
g 
m
or
e 
re
pr
es
en
ta
ti
ve
 g
ro
up
in
gs
. 
In
 t
er
m
s 
o
f 
th
e 
ge
ne
ra
li
za
ti
on
 o
f 
80
% 
c
lu
st
er
 p
at
te
rn
s 
by
 t
he
 7
0%
 o
n
e
s,
 
c
o
n
ti
gu
it
y 
m
u
st
 
in
cr
ea
se
 w
he
n 
nu
m
be
r 
o
f 
c
lu
st
er
s 
de
cr
ea
se
s,
 a
s 
n
u
m
be
rs 
o
f 
c
e
ll
s 
in
 e
a
c
h 
c
lu
st
er
 i
s 
la
rg
er
. 
C
lu
st
er
s 
o
f 
ES
D
's 
o
f 
s
im
il
ar
 s
o
c
io
-e
co
no
m
ic
 s
ta
tu
s 
ha
ve
 t
hu
s 
be
en
 
id
en
ti
fi
ed
 i
n 
s
o
c
ia
l 
sp
ac
e 
in
 e
a
c
h 
o
f 
th
e 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 c
o
n
-
c
e
n
tr
at
io
ns
 i
n 
G
re
at
er
 C
ap
e 
To
wn
. 
M
ap
pi
ng
 o
f 
th
es
e 
c
lu
st
er
s 
de
fi
ne
d 
a
t 
di
ff
er
en
t 
Le
ve
ls
 o
f 
s
im
il
ar
it
y 
ha
s 
in
di
ca
te
d 
th
e 
e
x
is
te
nc
e 
o
f 
gr
ou
ps
 o
f 
c
o
n
tig
uo
us
 c
e
ll
s 
in
 p
hy
si
ca
l 
sp
ac
e.
 
So
ci
al
 d
if
fe
r-
e
n
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
in
 G
re
at
er
 C
ap
e 
To
wn
 
th
us
 h
as
 
a 
s
pa
ti
al
 c
o
m
po
ne
nt
. 
ii
) 
Pa
tt
er
ns
 e
m
er
gi
ng
 w
he
n 
re
s
id
en
ti
al
 a
re
a
s 
a
re
 
re
ga
rd
ed
 a
s 
a 
s
in
gl
e 
sy
st
em
 
Si
nc
e 
th
e 
fo
ur
 c
o
n
c
e
n
tr
at
io
ns
 f
or
m
 p
ar
t 
o
f 
a 
w
ho
le
, 
v
iz
. 
th
e 
re
si
de
n-
ti
al
 a
re
a
 
fo
r 
a 
s
in
gl
e 
po
pu
la
tio
n 
gr
ou
p 
<
th
e 
c
o
lo
ur
ed
s) 
an
d 
th
er
e 
is
 
no
 
re
a
so
n
 
to
 s
u
pp
os
e 
th
at
 t
he
y 
a
re
 
s
o
c
ia
ll
y 
in
de
pe
nd
en
t 
an
d 
do
 n
o
t 
in
fl
ue
nc
e 
e
a
c
h 
o
th
er
, 
an
 
o
v
e
ra
ll
 c
lu
st
er
 a
n
a
ly
si
s 
ha
d 
to
 b
e 
ru
n
. 
Co
m
pu
ter
 l
im
it
at
io
ns
 a
nd
 t
he
 d
es
ir
e 
to
 m
in
im
is
e 
ge
ne
ra
li
ty
 m
ea
n
t 
th
at
 t
he
 8
0%
 l
ev
el
 c
lu
st
er
s 
de
fi
ne
d 
fo
r 
e
a
c
h 
re
s
id
en
ti
al
 c
o
n
c
e
n
-
tr
at
io
n 
pr
ov
id
ed
 t
he
 b
as
e 
fro
m
 w
hi
ch
 a
v
e
ra
ge
 p
ro
fi
le
s 
c
o
u
ld
 b
e 
c
o
n
-
s
tr
u
ct
ed
. 
A
gg
re
ga
te
s 
o
f 
pe
rc
en
ta
ge
 o
c
c
u
rr
e
n
c
e
 
in
 e
a
c
h 
o
f 
th
e 
te
n 
pe
rc
en
ti
le
s 
be
tw
ee
n 
z
e
ro
 
an
d 
o
n
e 
hu
nd
re
d 
w
er
e 
c
a
lc
ul
at
ed
 f
or
 t
he
 4
5 
c
lu
st
er
s 
de
fi
ne
d 
a
t 
th
e 
80
% 
s
im
il
ar
it
y 
le
ve
l, 
gi
vi
ng
 o
n
e 
o
v
e
ra
ll
 
pr
of
il
e 
pe
r 
c
lu
st
er
. 
Th
es
e 
pr
of
il
es
 w
er
e 
th
en
 g
ro
up
ed
 u
si
ng
 t
he
 
B
ra
y-
C
ur
tis
 c
o
e
ff
ic
ie
nt
. 
TA
BL
E 
3.
6 
O
ve
ra
ll 
c
lu
st
er
 c
o
n
ti
gu
it
y 
<4
90
 E
SD
's)
 
C
lu
st
er
 
1 
ES
D 
Pr
op
. 
2 
ES
D 
Pr
op
. 
3+
 
ES
D 
Pr
op
. 
No
. 
Pr
op
. 
o
f 
to
ta
l 
10
0%
 
-
-
0 
-
1 
1%
 
2 
1 
10
0%
 
-
-
0 
-
1 
1%
 
3 
4 
8%
 
2 
8%
 
4 
84
% 
49
 
10
% 
4 
9 
4%
 
1 
1%
 
8 
95
% 
22
3 
45
% 
N
 
-
-
.
1 
5 
11 
52
% 
3 
29
% 
1 
19
% 
22
 
4%
 
6 
9 
5%
 
5 
6%
 
13
 
87
% 
16
7 
34
% 
-
-
46
3 
94
% 
27
 E
SD
's 
n
o
t 
ta
ke
n 
in
to
 a
c
c
o
u
n
t 
12
8 
Th
e 
re
su
lt
in
g 
de
nd
ro
gr
am
 i
s 
a
ga
in
 r
em
ar
ka
bl
y 
fl
at
 <
Fi
gu
re
 3
.2
2>
. 
C
lu
st
er
in
g 
be
gi
ns
 b
et
w
ee
n 
th
e 
95
% 
an
d 
10
0%
 s
im
il
ar
it
y 
le
ve
l. 
At
 
45
% 
s
im
il
ar
it
y 
th
er
e 
a
re
 o
n
ly
 t
hr
ee
 c
lu
st
er
s 
an
d 
th
e 
gr
ou
pi
ng
 p
ro
ce
ss
 
is
 c
o
m
pl
et
e 
,bY
 a
 
le
ve
l 
o
f 
s
im
il
ar
it
y 
o
f 
25
%.
 
At
 t
he
 8
0%
 s
im
il
ar
it
y 
le
ve
l, 
11 
de
fi
ni
te
 c
lu
st
er
s 
ca
n
 
be
 i
de
nt
if
ie
d,
 b
ut
 e
ac
h 
c
o
n
ta
in
s 
o
n
ly
 a
 
v
er
y 
sm
al
l 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s.
 
A
pp
ro
xi
-
m
at
el
y 
ha
lf
 o
f 
th
es
e 
11 
c
lu
st
er
s 
ha
ve
 j
oin
ed
 b
y 
th
e 
70
% 
s
im
il
ar
it
y 
.
 
le
ve
l 
w
he
re
 t
he
re
 a
re
 s
ix
 c
le
ar
ly
 d
ef
in
ed
 c
lu
st
er
s.
 
Th
is
 7
0%
 l
ev
el
 
o
f 
s
im
il
ar
it
y 
w
as
 
u
se
d 
as
 
a 
c
u
t-
o
ff
 p
oi
nt
 a
s 
it
 w
as
 
he
re
 t
ha
t 
di
st
in
ct
 c
lu
st
er
s 
w
er
e 
e
a
s
il
y 
re
c
o
gn
is
ab
le
 a
nd
 t
he
 l
ev
el
 o
f 
ge
ne
ra
l-
iz
at
io
n 
w
as
 
n
o
t 
to
o 
gr
ea
t. 
Si
x 
c
lu
st
er
s 
w
er
e 
id
en
ti
fi
ed
 f
or
 t
he
 
st
ud
y 
a
re
a
 
a
t 
th
e 
70
% 
s
im
il
ar
it
y 
le
ve
l 
an
d 
th
es
e 
w
ill
 b
e 
re
fe
rr
ed
 
to
 a
s 
"
o
v
e
ra
ll 
c
lu
st
er
s"
 <
Fi
gu
re
 3
.2
2)
. 
Th
e 
si
x 
c
lu
st
er
s 
fo
rm
 a
 
hi
er
ar
ch
y 
o
f 
di
ff
er
in
g 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s.
 
C
lu
st
er
s 
w
er
e 
pl
ot
te
d 
on
 
ES
D 
m
ap
s 
<
Fi
gu
re
s 
3.
23
 -
3.
26
a)
 a
nd
 c
o
n
to
ur
 
di
ag
ra
m
s 
(F
ig
ur
es
 3
,2
3 
-
3.
26
b)
 a
nd
 p
er
sp
ec
tiv
e 
di
ag
ra
m
s 
<
Fi
gu
re
 3
.2
7)
 
w
er
e 
c
o
n
st
ru
ct
ed
 u
si
ng
 t
he
 S
ac
la
nt
 G
ra
ph
ic
s 
Pa
ck
ag
e 
<
U
.C
.T
. 
Co
m
pu
tin
g 
Se
rv
ic
e,
 1
97
9),
 t
o 
sh
ow
 t
he
 d
is
tr
ib
ut
io
n 
o
f 
th
e 
o
v
e
ra
ll
 c
lu
st
er
s 
o
v
e
r 
th
e 
e
n
ti
re
 s
tu
dy
 a
re
a
. 
Of
 t
he
se
 c
lu
st
er
s,
 t
w
o 
a
re
 d
is
ti
nc
tl
y 
di
ff
er
en
t 
fro
m
 a
ll
 t
he
 r
e
s
t,
 e
ac
h 
c
o
n
si
st
in
g 
o
f 
o
n
ly
 o
n
e 
ES
D.
 
Bo
th
 
a
re
 
lo
ca
te
d 
in
 t
he
 c
e
n
tr
al
 s
u
bu
rb
s 
bu
t 
a
re
 
n
o
t 
a
dja
ce
nt 
to
 o
n
e 
a
n
o
th
er
 a
nd
 w
er
e 
id
en
ti
fi
ed
 a
s 
be
lo
ng
in
g 
to
 m
od
al 
c
la
ss
 6
0 
-
69
 a
nd
 
70
 -
79
. 
On
 t
he
 b
as
is
 o
f 
th
e 
in
fo
rm
at
io
n 
s
ta
ti
st
ic
 b
ot
h 
a
re
 
c
ha
ra
ct
er
is
ed
 b
y 
v
a
lu
es
 i
n 
th
e 
0
-
9 
pe
rc
en
ti
le
, 
th
ou
gh
 c
lu
st
er
 
is
 i
de
nt
if
ie
d 
by
 a
ls
o 
c
o
n
ta
in
in
g 
v
a
lu
es
 i
n 
th
e 
2
0
-
29
 p
er
ce
nt
il
e.
 
E
ss
en
ti
al
ly
, 
th
er
ef
or
e,
 o
n
ly
 f
ou
r 
c
lu
st
er
s 
a
re
 d
is
tin
gu
is
he
d 
a
t 
th
e 
70
%
si
m
ila
ri
ty
 l
ev
el
. 
C
lu
st
er
 5
 i
s 
th
e 
sm
a
lle
st
 m
u
lt
ic
el
l 
c
lu
st
er
 
an
d 
c
o
n
ta
in
s 
o
n
ly
 1
0%
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
<
Ta
bl
e 
3.
6)
. 
It
 i
s 
c
ha
ra
ct
er
is
ed
 b
y 
a 
m
ix
tu
re
 o
f 
th
e 
w
ho
le 
ra
n
ge
 o
f 
pe
rc
en
ti
le
s 
an
d 
w
ith
 t
he
 e
x
c
e
pt
io
n 
o
f 
c
lu
st
er
s 
1 
an
d 
2 
ha
s 
th
e 
lo
w
es
t 
s
ta
tu
s.
 
C
lu
st
er
 5
 h
as
 5
2%
 o
f 
it
s 
ES
D'
s 
n
o
n
-c
o
n
tig
uo
us
 o
r 
is
ol
at
ed
 a
nd
 o
n
ly
 1
9%
 
fo
rm
in
g 
gr
ou
ps
 o
f 
th
re
e 
o
r 
m
o
re
. 
C
lu
st
er
 3
 f
or
m
s 
o
n
ly
·1
0.
 o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
an
d 
a
lth
ou
gh
 i
t 
ha
s 
a 
m
ed
ium
 s
ta
tu
s,
 
su
gg
es
te
d 
12
9 
by
 t
he
 d
om
in
an
ce
 o
f 
th
e 
pe
rc
en
ti
le
 
4
0
-
49
 i
t 
is
 a
ls
o 
di
st
in
gu
is
he
d 
by
 v
a
lu
es
 i
n 
th
e 
9
0
-
10
0 
pe
rc
en
ti
le
. 
C
lu
st
er
 6
 a
c
c
o
u
n
ts
 
fo
r 
a 
s
u
bs
ta
nt
ia
l 
pr
op
or
tio
n 
o
f 
th
e 
to
ta
l 
<3
4%
> 
an
d 
is
 d
is
tin
gu
is
he
d 
by
 a
 
fa
ir
ly
 h
ig
h 
s
ta
tu
s 
in
di
ca
te
d 
by
 t
he
 d
om
in
an
ce
 o
f 
pe
rc
en
ti
le
s 
be
tw
ee
n 
50
 a
nd
 8
9.
 
C
lu
st
er
s 
3 
an
d 
6 
to
ge
th
er
 i
nc
lu
de
 44
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
c
e
ll
s 
an
d 
ha
ve
 8
4%
 a
nd
 8
7%
 o
f 
th
es
e 
fo
rm
in
g 
gr
ou
ps
 o
f 
3 
to
 2
5 
an
d 
4 
to
 6
0 
c
o
n
tig
uo
us
 c
e
ll
s 
re
sp
ec
ti
ve
ly
. 
Th
es
e 
a
re
 
ge
ne
ra
lly
 s
m
a
ll 
to
 
m
ed
ium
 s
iz
ed
 E
SD
's.
 
C
lu
st
er
 4
, 
c
o
n
ta
in
in
g 
45
% 
o
f 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
ES
D
's 
is
 t
he
. d
om
in
an
t 
c
lu
st
er
. 
C
ha
ra
ct
er
is
ed
 b
y 
pe
rc
en
ti
le
s 
0
-
9 
an
d 
20
 -
29
 t
hi
s 
c
lu
st
er
 h
as
 a
 
fa
ir
ly
 l
ow
 s
o
c
ia
l 
s
ta
tu
s.
 
95
% 
o
f 
th
e 
c
e
ll
s 
in
 t
hi
s 
c
lu
st
er
 f
or
m
 c
o
n
tig
uo
us
 g
ro
up
s 
ra
n
gi
ng
 i
n 
s
iz
e 
fro
m
 
th
re
e 
to
 o
v
e
r 
o
n
e 
hu
nd
re
d.
 
Th
es
e 
ES
D'
s 
ra
n
ge
 i
n 
s
iz
e 
to
o,
 
fro
m
 
la
rg
e 
to
 v
er
y 
sm
al
L.
 
C
on
tig
ui
ty
 i
n 
al
L 
gr
ou
ps
 c
o
u
ld
 b
e 
ex
p1 e
c
te
d 
to
 b
e 
hi
gh
 o
n 
ac
co
u
n
t 
o
f 
th
e 
nu
m
be
r 
o
f 
c
e
ll
s 
an
d 
th
e 
v
er
y 
sm
a
ll 
nu
m
be
r 
o
f 
c
lu
st
er
s.
 
Th
us
 a
 
ty
pe
 o
f 
hi
er
ar
ch
y 
e
x
is
ts
, 
ra
n
gi
ng
 f
ro
m
 a
 
low
 
so
c
ia
l 
s
ta
tu
s 
( 1
5>
 t
hr
ou
gh
 m
ed
ium
 l
ow
 (
25
) 
an
d 
m
ed
ium
 (
45
) 
to
 a
 
hi
gh
 
so
c
ia
l 
s
ta
tu
s 
(5
5)
, 
Th
e 
n
o
rt
he
rn
 s
u
bu
rb
s 
is
 d
om
in
at
ed
 b
y 
c
e
ll
s 
o
f 
v
a
lu
e 
45
, 
gi
vi
ng
 i
t 
a 
m
ed
iu
m
-lo
w 
so
c
ia
l 
s
ta
tu
s.
 
M
ed
iu
m
-lo
w 
.
an
d 
m
ed
ium
 s
ta
tu
s 
c
ha
ra
ct
er
is
e 
th
e 
c
e
n
tr
al
 s
u
bu
rb
s 
w
hi
te
 t
he
 s
ta
tu
s 
o
f 
th
e 
so
u
th
er
n 
a
re
a
 o
v
e
ra
ll
, 
is
 m
ed
ium
. 
A
re
al
ly
 t
he
 e
a
s
te
rn
 s
u
bu
rb
s 
is
 d
om
in
at
ed
 b
y 
a 
low
 s
o
c
ia
l 
s
ta
tu
s 
(i
.e
. 
th
e 
pa
nh
an
dl
e>
 b
ut
 t
he
 m
ain
 
se
c
ti
on
 o
f 
th
is
 a
re
a
 
is
 d
iv
id
ed
 b
et
w
ee
n 
hi
gh
 a
nd
 m
ed
iu
m
-lo
w 
s
ta
tu
s 
v
a
lu
es
. 
A
lth
ou
gh
 L
ar
ge
 p
or
ti
on
s 
o
f 
e
a
c
h 
o
f 
th
e 
fo
ur
 r
e
s
id
en
ti
al
 c
o
n
-
c
e
n
tr
at
io
ns
 <
n
o
rt
he
rn
, 
c
e
n
tr
al
, 
e
a
s
te
rn
 a
nd
 s
o
u
th
er
n 
su
bu
rb
s) 
a
re
 
c
o
v
e
re
d 
by
 v
a
lu
es
 f
or
 o
n
e 
.
.
 
G
lu
st
er
, 
pe
ak
s 
an
d 
v
a
ll
ey
s 
o
f 
di
ff
er
in
g 
c
lu
st
er
s 
a
re
 
c
le
ar
ly
 i
n 
e
v
id
en
ce
. 
Th
e 
"
to
po
gr
ap
hy
" 
c
re
a
te
d 
by
 t
he
 
di
ff
er
en
ti
at
io
n 
o
f 
th
e 
st
ud
y 
a
re
a
 
by
 c
lu
st
er
s 
is
 w
e
ll 
il
lu
st
ra
te
d 
in
 t
he
 t
hr
ee
-d
im
en
si
on
al
 d
ia
gr
am
 <
Fi
gu
re
 3
.2
7)
. 
Th
e 
n
o
rt
he
rn
 
su
bu
rb
s 
ha
ve
 a
 
c
e
n
tr
al
 r
id
ge
 a
nd
 p
ea
ks
 o
f 
hi
gh
 v
a
lu
es
 i
n 
th
e 
n
o
rt
h 
e
a
s
t 
an
d 
so
u
th
 w
es
t 
c
o
rn
e
rs
 
(F
ig
ur
e 
3.
23
b)
 i
de
nt
if
ie
d 
e
a
rl
ie
r 
by
 b
ot
h 
80
% 
an
d 
70
% 
c
lu
st
er
s.
 
C
el
ls
 o
f 
low
 v
a
lu
e 
ca
n
 
a
ls
o 
a
ga
in
 b
e 
re
c
o
gn
is
ed
 
ju
st 
o
ff
 c
e
n
tr
e 
an
d 
in
 t
he
 n
o
rt
h 
e
a
s
t 
c
o
rn
e
r.
 
Th
e 
pa
tt
er
ns
 w
hi
ch
 
re
s
u
lt
 w
he
n 
th
e 
o
v
e
ra
ll
 c
lu
st
er
s 
a
re
 
m
ap
pe
d 
fo
r 
th
is
 a
re
a
 
a
re
 
a
lm
os
t 
id
en
tic
al
 t
o 
th
os
e 
o
bt
ai
ne
d 
fro
m
 m
ap
pi
ng
 b
y 
m
od
al 
c
la
ss
 <
Fi
gu
re
 3
.3
2a
), 
.
 
! 
,·
 
.
·
 
Th
e 
c
e
n
tr
al
 s
u
bu
rb
s 
sh
ow
s 
a 
m
ar
ke
d 
c
o
n
tr
as
t 
be
tw
ee
n 
m
ed
ium
 a
nd
 l
ow
 
v
al
ue
s 
on
 
th
e 
w
es
te
rn
 s
id
e 
an
d 
low
 a
nd
 h
ig
h 
v
a
lu
es
 i
n 
th
e 
e
a
s
t 
<
Fi
gu
re
 3
.2
4b
). 
Th
e 
lo
w
es
t 
v
a
lu
e 
(c
lu
ste
r 
5>
 
is
 r
e
pr
es
en
te
d 
by
 o
n
ly
 
fo
ur
 s
c
a
tt
er
ed
 c
e
ll
s 
w
hi
le
 t
he
 a
re
a
 
is
 d
om
in
at
ed
 b
y 
c
lu
st
er
 4
, 
a
ls
o 
o
f 
fa
ir
ly
 l
ow
 v
al
ue
 (
fig
ur
e 
3.
24
a>
. 
H
ig
he
r 
v
a
lu
es
 a
re
 
in
 e
v
id
en
ce
 
on
 
th
e 
e
a
st
er
n 
an
d 
w
es
te
rn
 s
id
es
 o
f 
th
e 
a
re
a
. 
Th
e 
pl
at
ea
ux
 o
f 
hi
gh
 
v
al
ue
s 
w
hi
ch
 e
m
er
ge
d 
al
on
g 
th
e 
w
es
te
rn
 s
id
e 
o
f 
th
e 
c
e
n
tr
al
 s
u
bu
rb
s 
an
d 
e
a
s
t 
o
f 
th
e 
in
di
an
 r
e
s
id
en
ti
al
 a
re
a
 
fro
m
 m
od
al 
c
la
ss
 m
ap
pi
ng
 a
re
 
a
ga
in
 c
le
ar
ly
 i
n 
e
v
id
en
ce
 i
n 
th
e 
o
v
e
ra
ll
 c
lu
st
er
 m
ap
pi
ng
. 
Th
e 
hi
gh
 
v
a
lu
es
 l
oc
at
ed
 o
n 
th
e 
e
a
st
er
n 
si
de
 o
f 
th
e 
a
re
a
 
in
 o
v
e
ra
ll
 c
lu
st
er
 
m
ap
pi
ng
 c
o
rr
e
sp
on
ds
 t
o 
a 
si
m
il
ar
 p
at
te
rn
 o
f 
c
e
ll
s 
in
 t
he
 4
0
-
49
 
c
la
ss
 i
n 
m
od
al 
c
la
ss
 m
ap
pi
ng
. 
Th
e 
pa
tt
er
ns
 a
nd
 t
re
nd
s 
w
hi
ch
 e
m
er
ge
d 
fro
m
 m
od
al 
c
la
ss
 m
ap
pi
ng
 
in
 t
he
 c
e
n
tr
al
 s
u
bu
rb
s 
a
re
 
th
us
 r
e
pe
at
ed
 
w
he
n 
o
v
e
ra
ll
 c
lu
st
er
s 
a
re
 m
ap
pe
d 
fo
r 
th
i~
 a
re
a
. 
Th
e 
e
a
st
er
n 
su
bu
rb
s 
a
re
 d
om
in
at
ed
 b
y 
c
o
n
tr
as
ti
ng
 h
ig
h 
an
d 
low
 v
a
lu
es
 
in
 t
he
 m
ain
 s
e
c
ti
on
. 
Th
e 
pa
nh
an
dl
e 
c
o
n
si
st
s 
o
f 
u
n
ifo
rm
 v
er
y 
low
 
v
a
lu
es
 (
fig
ur
e 
3.
25
b)
, 
A
 p
la
te
au
 o
f 
hi
gh
 v
a
lu
es
 o
c
c
u
rs
 
in
 t
he
 n
o
rt
h 
e
a
st
er
n 
se
c
tio
n 
o
f 
th
e 
a
re
a
 
an
d 
e
x
te
nd
s 
so
u
th
w
ar
ds
, 
in
tr
ud
in
g 
in
to
 
th
e 
di
ag
on
al
 o
f 
low
 v
a
lu
es
 w
hi
ch
 r
u
n
s 
fro
m
 n
o
rt
h 
w
es
t 
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&
 Or
d 
<
19
69
) 
te
ch
ni
qu
e 
o
f 
s
pa
ti
al
 a
u
to
co
rr
el
at
io
n
 
to
 d
at
a 
w
hi
ch
, 
w
he
n 
m
ap
pe
d 
gi
ve
s 
ri
se
 t
o 
gr
ou
ps
. 
Th
e 
n
a
tu
re
 o
f 
th
e 
c
e
ll
s 
co
m
pr
is
in
g 
th
e 
st
ud
y 
a
re
a
 
(i
.e
. 
ir
re
gu
la
r 
sh
ap
es
 a
nd
 s
iz
es
 o
f 
ES
D'
s>
 m
ak
e 
th
e 
C
li
ff
 &
 Or
d 
s
ta
ti
st
ic
 m
or
e 
a
pp
ro
pr
ia
te
 t
ha
n 
o
th
er
 
co
rr
e
la
ti
on
 m
et
ho
ds
as
 i
t 
is
 t
he
 o
n
ly
 t
ec
hn
iq
ue
 f
or
 s
pa
ti
al
 c
o
rr
e
la
ti
on
 
' 
a
n
d 
it
 h
a
s 
a 
w
e
ig
ht
in
g 
m
ec
ha
ni
sm
 w
hi
ch
 p
ro
vi
de
s 
fo
r 
th
e 
st
an
da
rd
iz
a
ti
on
 
o
f 
th
e 
su
b-
ar
ea
s 
re
la
ti
ve
 t
o 
o
n
e 
a
n
o
th
er
. 
Sp
a
ti
a
l 
a
u
to
co
rr
el
at
io
n 
in
vo
lv
es
 a
pp
li
ca
ti
on
 o
f 
si
m
pl
e 
c
o
r
re
la
ti
on
 
pr
oc
ed
u
re
s 
to
 a
ss
e
ss
 
th
e 
re
la
ti
on
sh
ip
 b
et
w
ee
n 
v
a
lu
es
 o
f 
a 
si
n
gl
e 
se
t 
o
f 
da
ta
. 
It 
m
ea
su
re
s 
w
he
th
er
 t
he
 p
re
se
nc
e 
o
f 
so
m
e 
qu
al
it
y 
in
 a
n 
a
re
a
 
m
ak
es
 
it
s 
pr
es
en
ce
 m
or
e 
o
r 
Le
ss
 
Li
ke
ly
 i
n 
n
e
ig
hb
ou
ri
ng
 a
re
a
s
. 
"
If
 h
ig
h 
v
a
lu
es
 o
f 
a 
v
a
ri
ab
le
 i
n 
o
n
e 
a
re
a
 
a
re
 
a
ss
o
c
ia
te
d 
w
ith
 h
ig
h 
va
lu
es
 o
f 
th
at
 v
a
ri
ab
le
 i
n 
n
e
ig
hb
ou
rin
g 
a
re
a
s 
.
.
.
 
th
e 
s
e
t 
o
f 
a
re
a
s 
ex
hi
b
it
s 
po
si
ti
ve
 
a
u
to
co
rr
el
at
io
n 
w
ith
 r
e
ga
rd
 t
o 
th
at
 v
a
ri
ab
le
. 
Co
n-
ve
rs
e
ly
 w
he
n
 
hi
gh
 a
nd
 
Lo
w 
v
a
lu
es
 a
lt
er
na
te
, 
th
e 
s
pa
ti
al
 a
u
to
co
r
re
la
-
ti
on
 
is
 n
e
ga
tiv
e"
 <
C
lif
f 
e.
.t 
a
f..
, 1
97
5,
 
p.
14
5)
. 
Me
as
u
r
in
g 
a
u
to
c
o
rr
e
la
ti
on
 i
n 
sp
at
ia
ll
y 
di
st
ri
bu
te
d 
da
ta
 i
s 
di
ff
er
en
t 
fr
o
m
 m
ea
s
u
r
in
g 
au
to
c
o
rr
e
la
ti
on
 i
n 
a 
ti
m
e 
s
e
ri
es
 b
ec
au
se
 d
e
pe
nd
en
c
e
 
e
x
te
nd
s 
in
 a
ll
 d
ir
e
c
ti
on
s 
ra
th
er
 t
ha
n
 
in
 a
 
s
in
gl
e 
di
re
ct
io
n
. 
Th
e 
s
tu
dy
 o
f 
s
pa
ti
al
 a
u
to
c
o
rr
e
la
ti
on
 
th
e
re
fo
re
 i
s 
im
po
r
ta
n
t 
be
c
a
u
se
 
a
n
 
ob
se
r
va
ti
o
n
 
is
 
se
e
n
 
to
 b
e 
a 
fu
nc
tio
n 
o
f 
a
ll
 n
e
ig
hb
ou
rin
g 
v
a
lu
es
 a
n
d 
by
 c
a
lc
u
la
ti
ng
 t
he
 a
u
to
co
rr
el
at
io
n
 c
o
e
ff
ic
ie
n
t,
 
th
e 
de
gr
ee
 
to
 
w
hi
ch
 
e
v
e
ry
 v
a
lu
e 
o
n
 
a 
tw
o 
di
m
en
si
on
al
 s
u
rf
ac
e 
is
 a
ff
ec
te
d 
by
 t
he
 i
nt
er
-
a
c
ti
on
 
be
tw
ee
n 
it
se
lf
 a
nd
 n
e
ig
hb
ou
rin
g 
v
a
lu
es
 
is
 e
s
ta
bl
is
he
d 
(C
lif
f 
e.
.t 
a£
.
,
 
19
75
). 
a) 
Th
e 
A
ut
oc
or
re
la
tio
n 
Co
ef
fi
c
ie
n
t 
Th
e 
C
li
ff
 &
 Or
d 
s
ta
ti
st
ic
 u
se
d 
in
 t
hi
s 
st
ud
y 
w
as
 
de
ve
lo
pe
d 
fro
m
 e
a
rl
ie
r 
14
1 
s
ta
ti
st
ic
s 
pu
t 
fo
rw
ar
d 
by
 G
ea
ry
 (
 19
68
) 
an
d 
M
or
an
 
( 1
95
0)
. 
Th
is
 
s
ta
ti
st
ic
 h
as
 a
dv
an
ta
ge
s 
o
v
e
r 
th
e 
e
a
rl
ie
r 
o
n
es
 
by
 v
ir
tu
e 
o
f 
it
s 
in
co
r-
po
ra
tio
n 
o
f 
a 
ge
ne
ra
li
se
d 
in
te
ra
ct
io
n 
fu
nc
tio
n 
w
. 
.
.
 
Th
e 
re
a
so
n
 
fo
r 
lj
 
in
cl
us
io
n 
o
f 
th
e 
in
te
ra
ct
io
n 
fu
nc
tio
n 
w
as
 
fi
rs
tl
y 
to
 e
x
te
nd
 t
he
 
a
da
pt
ab
il
it
y 
o
f 
th
e 
s
ta
ti
st
ic
 
be
ca
us
e 
th
e 
c
o
n
c
e
pt
 o
f 
a 
n
e
ig
hb
ou
ri
ng
 
v
a
lu
e 
n
ee
d 
n
o
t 
n
e
c
e
s
s
a
ri
ly
 b
e 
re
s
tr
ic
te
d 
to
 
in
te
ra
ct
io
n 
be
tw
ee
n 
a
dja
ce
nt 
c
e
ll
s 
o
n
ly
 (
as
 w
as
 
th
e 
c
a
se
 
w
ith
 t
he
 G
ea
ry
 a
nd
 M
or
an
 s
ta
t-
is
ti
c
s
). 
Se
co
nd
ly
, 
if
 t
he
 s
u
rf
ac
e 
c
o
m
pr
is
es
 
ir
re
gu
la
r 
su
b-
ar
ea
s,
 
th
e 
re
la
ti
ve
 s
iz
es
 o
f 
th
es
e 
m
ay
 b
e 
st
an
da
rd
is
ed
 b
y 
th
e 
u
se
 
o
f 
w
 
.
.
 
IJ
 
v
a
lu
es
. 
Th
e 
s
ta
ti
st
ic
 c
an
 
ho
w
ev
er
, 
s
ti
ll
 b
e 
a
pp
lie
d 
to
 t
he
 r
e
gu
la
r 
su
ba
re
a 
c
a
se
 
u
si
ng
 a
dj
ac
en
t 
in
te
ra
ct
io
n 
o
n
ly
 <
W
ard
, 
19
78
) 
if
 w
 
.
.
 
is
 
lj
 
s
e
t 
to
 
1.
 
In
 W
ar
d'
s 
(19
78
) 
a
pp
li
ca
ti
on
 o
f 
th
e 
te
ch
ni
qu
e,
 
th
er
ef
or
e,
 
o
n
ly
 f
ir
st
 o
rd
er
 i
nt
er
ac
ti
on
s 
w
il
l 
be
 t
ak
en
 
in
to
 a
c
c
o
u
n
t,
 
an
d 
no
 
st
an
da
rd
iz
at
io
n 
w
il
l 
ta
ke
 p
la
c
e
 
be
tw
ee
n 
su
b-
ar
ea
s.
 
R
ea
liz
in
g 
th
e 
u
se
fu
ln
es
s 
o
f 
th
e 
s
pa
ti
al
 a
u
to
co
rr
el
at
io
n 
s
ta
ti
st
ic
 
to
 t
ho
se
 g
eo
gr
ap
he
rs
 c
o
n
c
e
rn
e
d 
w
ith
 e
s
ta
bl
is
hi
ng
 t
he
 e
x
te
nt
 
to
 w
hi
ch
 
sp
ac
e 
pe
r 
se
 
pl
ay
s 
a 
pa
rt
 
in
 a
 
di
st
ri
bu
ti
on
 p
at
te
rn
, 
W
ard
 
( 1
97
8) 
w
ro
te
 a
 
co
m
pu
te
r 
pr
og
ra
m
m
e 
(A
pp
en
dix
 3
) t
o 
c
a
lc
ul
at
e 
th
e 
a
u
to
co
rr
el
-
a
ti
on
 c
o
e
ff
ic
ie
nt
 g
iv
en
 b
y 
C
li
ff
 &
 Or
d 
(1
97
3, 
p.
 1
2) 
a
s:
 
r 
=
 
w
he
re
: 
( 2
) 
n
 
( 2
) 
W
 n E i
=j
 
n
 ~ I=
 1
 
w
 
.
.
 
z
. 
z
. 
IJ
 
I 
j 
2 
z
. I 
n
 J=,
 
w
.
.
 
m
a
tr
ix
 o
f 
v
a
lu
es
 
in
di
ca
tin
g 
th
e 
n
a
tu
re
 o
f 
th
e 
in
te
ra
c
ti
on
 
lj
 
be
tw
ee
n 
x
i 
an
d 
x
j. 
z
. 
<
 x
. 
.
.
.
, 
x>
 
I 
I 
z
. 
(x
. 
-
)(')
 
j 
j 
14
2 
n
 
th
e 
nu
m
be
r 
o
f 
x
. 
v
a
lu
es
 
I 
W
 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
jo
in
s 
in
 t
he
 s
ys
te
m
. 
V
er
y 
si
m
pl
y 
th
e 
m
et
ho
d 
by
 w
hi
ch
 t
he
 a
u
to
co
rr
el
at
io
n 
c
o
e
ff
ic
ie
nt
 i
s 
co
m
pu
te
d 
is
 a
s 
fo
llo
w
s:
 
Th
e 
m
ea
n 
o
f 
th
e 
da
ta
 s
e
t 
is
 c
a
lc
ul
at
ed
. 
Th
e 
di
ff
er
en
ce
 b
et
w
ee
n 
th
e 
m
ea
n
 a
nd
 t
he
 v
a
lu
e 
in
 a
 
c
e
ll
 (
x. 
l 
is
 o
b-
I 
ta
in
ed
. 
Th
is
 
is
 t
he
 Z
DI
F 
sc
o
re
. 
Th
is
 s
c
o
re
 
is
 s
qu
ar
ed
 a
nd
 s
to
~e
d,
 
an
d 
e
a
c
h 
su
c
c
e
ss
iv
e 
ZD
IF
2 
sc
o
re
 
fo
r 
e
a
c
h 
x
. 
c
e
ll
 
is
 a
dd
ed
 t
o 
it
. 
I 
Th
e 
fi
na
l 
v
a
lu
e 
is
 k
no
wn
 a
s 
th
e 
SU
MZ
 v
a
lu
e.
 
At
 
th
e 
sa
m
e 
tim
e 
th
e 
ZD
IF
 s
c
o
re
 
fo
r 
an
 
a
dj
ac
en
t c
e
ll
 x
. 
is
 c
a
lc
ul
at
ed
. 
Th
es
e 
tw
o 
ZD
IF
 
-
_
J 
v
a
lu
es
, 
v
iz
. 
(x
. 
-
x
l 
an
d 
(x
.
-
x
l,
 a
re
 
th
en
 m
u
lt
ip
li
ed
 t
og
et
he
r.
 
I 
J 
Th
e 
pr
od
uc
t 
is
 m
u
lt
ip
li
ed
 b
y 
th
e 
w
e
ig
ht
in
g 
fa
ct
or
 w
 
.
.
 
fo
r 
th
os
e 
tw
o 
lj
 
c
e
ll
s.
 
Th
is
 
is
 s
to
re
d 
an
d 
e
a
c
h 
su
c
c
e
ss
iv
e 
v
a
lu
e 
so
 
o
bt
ai
ne
d 
is
 
ad
de
d 
to
 t
hi
s 
v
a
lu
e 
gi
vi
ng
 a
 
to
ta
l 
sc
o
re
, 
kn
ow
n 
as
 
TO
TA
L 
o
r 
(2
) 
in
 t
he
 e
qu
at
io
n.
 
TO
TA
L 
is
 f
in
a
ll
y 
m
u
lt
ip
li
ed
 b
y 
th
e 
nu
m
be
r 
o
f 
c
e
ll
s 
in
 t
he
 d
at
a 
s
e
t 
NN
NN
 
(n 
in
 t
he
 e
qu
at
io
n)
. 
Th
is
 p
ro
du
ct
 g
iv
es
 t
he
 
n
u
m
er
at
or
 o
f 
th
e 
e
qu
at
io
n.
 
Th
e 
to
ta
l 
SU
MZ
 
v
a
lu
e 
(a
s 
c
a
lc
ul
at
ed
 
ab
ov
e 
an
d 
gi
ve
n 
by
 N
 
2 
E 
z
i 
i=
j 
in
 t
he
 e
qu
at
io
n 
is
 t
he
n 
m
u
lt
ip
li
ed
 b
y 
th
e 
to
ta
l 
nu
m
be
r 
o
f 
jo
in
s 
in
 
th
e 
sy
st
em
 (
W
). 
Th
is
 p
ro
du
ct
 f
or
m
s 
th
e 
de
no
m
in
at
or
 o
f 
th
e 
e
qu
at
io
n.
 
Th
e 
a
u
to
co
rr
el
at
io
n 
c
o
e
ff
ic
ie
nt
 r
 
is
 o
bt
ai
ne
d 
by
 d
iv
id
in
g 
th
e 
n
u
m
e
ra
to
r 
by
 t
he
 d
en
om
in
at
or
.
 
By
 
li
m
it
in
g 
th
e 
su
m
m
at
io
n 
to
 s
pe
ci
fi
c 
ro
w
s 
a
n
d/
or
 c
o
lu
m
ns
 t
he
 s
ta
ti
st
ic
 c
an
 
be
 m
o
di
fie
d 
to
 g
iv
e 
c
o
rr
e
la
ti
on
s 
in
 
s
pe
ci
fi
c 
di
re
ct
io
ns
 i
ns
te
ad
 o
f 
an
 
o
v
e
ra
ll
 c
o
rr
e
la
ti
on
. 
Th
e 
o
rd
er
 
o
f 
th
e 
de
pe
nd
en
ce
 (
i.e
. 
fi
rs
t 
o
rd
er
 (
or
 i
nt
er
ac
ti
on
 b
et
w
ee
n 
a
dj
ac
en
t 
c
e
ll
s)
 o
r 
se
co
n
d 
an
d 
th
ir
d 
o
rd
er
 (
or
 i
nt
er
ac
ti
on
 b
et
w
ee
n 
n
e
x
t 
bu
t 
o
n
e 
o
r 
n
e
x
t 
bu
t 
tw
o 
c
e
ll
s)
 m
ay
 a
ls
o 
be
 s
pe
ci
fi
ed
 b
~ 
a
dj
us
tin
g 
th
e 
m
a
tr
ix
 f
or
 t
he
 d
at
a 
in
pu
t. 
C
li
ff
 &
 Or
d 
(19
71
) 
pr
ov
e 
th
at
 a
s 
th
e 
nu
m
be
r 
o
f 
o
bs
er
va
tio
ns
 i
nc
re
as
e,
 
so
 
th
e 
di
st
ri
bu
ti
on
 o
f 
th
ei
r 
c
o
e
ff
ic
ie
nt
 t
en
ds
 t
ow
ar
ds
 n
o
rm
a
lit
y 
an
d 
t43
 
as
 
su
ch
 r
 
c
a
lc
ul
at
ed
 c
an
 
be
 t
es
te
d 
as
 
a 
st
an
da
rd
 n
o
rm
al
 d
ev
ia
te
 f
or
 
,
 
s
ig
ni
fi
ca
nc
e.
 
A
 t
es
t 
fo
r 
ku
rt
os
is
 i
s 
in
cl
ud
ed
, 
a
s 
a
re
 
c
a
lc
ul
at
io
ns
 
o
f 
e
x
pe
ct
ed
 v
a
lu
es
 o
f 
th
e 
c
o
e
ff
ic
ie
nt
 u
n
de
r 
th
e 
a
ss
u
m
pt
io
ns
 o
f 
n
o
rm
a
lit
y 
an
d 
o
f 
ra
n
do
m
ne
ss
. 
Fi
na
ll
y,
 s
ig
ni
fi
ca
nc
e 
is
 e
v
a
lu
at
ed
 
a
c
c
o
rd
in
g 
to
 b
ot
h 
th
e 
a
ss
u
m
pt
io
ns
 o
f 
a 
ra
n
do
m
ly
 a
nd
 a
 
n
o
rm
a
lly
 
di
st
ri
bu
te
d 
v
a
ri
ab
le
. 
Co
m
pa
ris
on
 o
f 
th
e 
C
li
ff
 &
 Or
d 
( 1
96
9) 
m
et
ho
d 
w
ith
 P
ea
rs
on
's
 m
et
ho
d 
o
f 
c
o
rr
e
la
ti
on
 <
W
ard
, 
19
78
) 
ha
s 
e
s
ta
bl
is
he
d 
th
at
 t
he
 m
an
n
er
 
in
 w
hi
ch
 g
eo
gr
ap
he
rs
 h
av
e 
tr
ad
it
io
na
ll
y 
in
te
rp
re
te
d 
c
o
e
ff
ic
ie
nt
s 
fro
m
 t
he
 P
ea
rs
on
 t
ec
hn
iq
ue
 c
an
 
po
ss
ib
ly
 b
e 
a
pp
li
ca
bl
e 
to
 t
he
 C
li
ff
 &
 Or
d 
s
ta
ti
st
ic
. 
W
ard
 (
 19
78
) 
ho
w
ev
er
, 
id
en
ti
fi
es
 C
li
ff
 &
 O
rd
's 
fa
il
ur
e 
to
 s
tr
on
gl
y 
em
ph
as
iz
e 
th
at
 w
hi
ch
 
is
 o
f 
im
po
rta
nc
e 
to
 g
eo
gr
ap
he
rs
, 
v
iz
. 
th
e 
re
a
c
ti
on
 o
f 
th
e 
s
ta
ti
st
ic
 i
n 
pr
ac
ti
ca
l 
s
it
ua
ti
on
s 
an
d 
ho
w 
be
st
 t
o 
in
te
rp
re
t 
th
e 
re
s
u
lt
s.
 
By
 a
pp
ly
in
g 
a 
re
gu
la
r 
sq
ua
re
 m
a
tr
ix
 h
e 
w
as
 
a
bl
e 
to
 h
ig
hl
ig
ht
 t
he
 e
ff
ec
t 
o
f 
th
e 
fi
ve
 f
ac
to
rs
 w
hi
ch
 
in
fl
ue
nc
e 
th
e 
a
u
to
co
rr
el
at
io
n 
c
o
e
ff
ic
ie
nt
. 
As
 
th
e 
di
st
ri
bu
ti
on
 o
f 
th
e 
C
li
ff
 &
 
Or
d 
(19
71
) 
c
o
e
ff
ic
ie
nt
 
is
 s
o
 
st
ro
ng
ly
 a
ff
ec
te
d 
by
 t
he
 f
iv
e 
fa
ct
or
s 
(a
lth
ou
gh
 C
li
ff
 &
 Or
d 
( 1
97
1) 
id
en
ti
fi
ed
 3
 b
ro
ad
 f
ac
to
rs
 a
ff
ec
ti
ng
 
th
e 
di
s
tr
ib
ut
io
n 
o
f 
th
ei
r 
s
ta
ti
st
ic
, 
th
es
e 
ca
n
 
be
 s
u
bd
iv
id
ed
, 
an
d 
gi
ve
n 
as
 
fi
ve
 s
e
pa
ra
te
 b
ut
 
in
te
rr
el
at
ed
 o
n
e
s)
, 
th
e 
da
ta
 f
or
 t
hi
s 
st
ud
y 
w
il
l 
be
 c
o
n
s
id
er
ed
 w
ith
 r
e
ga
rd
 t
o 
e
a
c
h 
o
f 
th
em
.
 
i) 
Th
e 
di
st
ri
bu
ti
on
 o
f 
th
e 
v
a
ri
ab
le
 
Th
e 
C
li
ff
 &
 Or
d 
c
o
rr
e
la
ti
on
 
te
st
 
is
 a
 
pa
ra
m
et
ri
c 
te
st
 a
nd
 
th
er
e 
is
 
th
er
ef
or
e 
a 
n
ee
d 
to
 e
s
ta
bl
is
h 
w
he
th
er
 o
r 
n
o
t 
da
ta
 a
re
 
n
o
rm
a
lly
 
di
st
ri
bu
te
d.
 
Th
e 
v
a
ri
ab
le
 t
o 
be
 u
se
d 
fo
r 
c
a
lc
ul
at
io
n 
o
f 
th
e 
c
o
-
e
ff
ic
ie
nt
 
is
 t
he
 S
ES
 s
c
o
re
. 
Th
e 
m
et
ho
d 
by
 w
hi
ch
 t
he
se
 s
c
o
re
s 
a
re
 
c
a
lc
ul
at
ed
 e
n
su
re
s 
th
at
 m
ea
n 
sc
o
re
s 
a
re
 
n
o
rm
a
lly
 d
is
tr
ib
ut
ed
 o
v
e
r 
th
e 
e
n
ti
re
 c
o
lo
ur
ed
 ·p
op
ul
at
io
n.
 
Mo
da
l 
c
la
ss
 a
nd
 m
ed
ia
n 
v
a
lu
es
 a
re
 
a
ls
o 
n
o
rm
al
ly
 d
is
tr
ib
ut
ed
. 
In
 a
n
y 
su
b-
se
t 
o
f 
da
ta
, 
ho
w
ev
er
, 
n
o
rm
a
lit
y 
c
a
n
n
o
t 
be
 a
ss
u
m
ed
. 
A
cc
or
di
ng
 t
o 
S
il
k<
 1
97
9,
 p
. 1
18
) 
th
ou
gh
, 
th
e 
pr
ob
ab
il
it
y 
o
f 
a 
c
e
ll
 h
av
in
g 
a 
hi
gh
 o
r 
Lo
w 
v
a
lu
e 
in
 f
re
e 
sa
m
pl
in
g 
14
4 
sh
ou
ld
 n
o
t 
be
 l
es
s 
th
an
 0
,2
 i
f 
th
e 
da
ta
 i
s 
as
su
m
ed
 t
o 
be
 n
o
rm
a
lly
 
di
st
ri
bu
te
d.
 
In
 
th
e 
c
a
se
 o
f 
SE
S 
sc
o
re
s 
c
a
lc
ul
at
ed
 p
ro
ba
bi
li
ty
 
v
a
lu
es
 f
or
 t
he
 d
is
tr
ib
ut
io
n 
o
f 
m
ea
n 
v
a
lu
es
 i
s 
p 
=
 
0,
36
; 
o
f 
a 
m
od
al 
c
la
ss
 v
a
lu
e 
is
 p
 =
 
0,
70
 a
nd
 f
or
 t
he
 o
v
e
ra
ll
 c
lu
st
er
 v
a
lu
es
 a
t 
70
% 
s
im
il
ar
it
y 
le
ve
l 
is
 p
 =
 
0,
60
. 
Th
e 
li
m
it
in
g 
c
o
n
di
tio
ns
 t
he
re
fo
re
 
ho
ld
 f
or
 a
ll
 t
he
SE
S 
sc
o
re
 d
at
a 
i.
e.
 m
ea
n 
v
a
lu
es
, 
m
od
al 
c
la
ss
 o
r 
c
lu
st
er
 d
at
a 
an
d 
th
e 
C
li
ff
 &
 Or
d 
a
u
to
co
rr
el
at
io
n 
c
o
e
ff
ic
ie
nt
 c
an
 
be
 
a
pp
lie
d.
 
i i
) 
Th
e 
s
iz
e 
o
f 
th
e 
su
b-
ar
ea
 s
ys
te
m
 
In
 
th
is
 p
ro
jec
t 
th
e 
st
ud
y 
a
re
a
 
c
o
n
s
is
ts
 o
f 
a 
to
ta
l 
o
f 
49
0 
ES
D
's.
 
An
 
in
te
ra
ct
io
n 
m
a
tr
ix
 t
he
re
fo
re
 
w
ou
ld
 r
e
qu
ir
e 
th
e 
c
a
lc
ul
at
io
n 
o
f 
a 
s
in
gl
e 
di
re
ct
io
na
l 
w
e
ig
ht
in
g 
m
a
tr
ix
 f
or
 a
pp
ro
xi
m
at
el
y 
19
60
 j
oi
ns
. 
Su
ch
 a
n 
u
n
de
rt
ak
in
g 
w
ou
ld
 c
o
n
s
ti
tu
te
 a
 
pr
oj
ec
t o
n 
it
s 
ow
n 
in
 t
er
m
s 
o
f 
th
e 
tim
e 
re
qu
ir
ed
 f
or
 t
he
se
 c
a
lc
ul
at
io
ns
. 
Fu
rt
he
r,
 d
ru
m
 c
a
pa
ci
ty
 
on
 
th
e 
co
m
pu
te
r 
is
 l
im
ite
d 
an
d 
sp
ec
ia
l 
ch
an
ge
s 
w
ou
ld
 h
av
e 
to
 b
e 
m
ad
e 
to
 p
ro
gr
am
s 
fo
r 
sp
ac
e 
a
ll
oc
at
io
n.
 
Ev
en
 w
he
n 
br
ok
en
 d
ow
n 
in
to
 
su
b-
ar
ea
s,
 t
hr
ee
 o
f 
th
e 
fo
ur
 r
e
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
, 
v
iz
. 
I 
so
u
th
er
n,
 c
e
n
tr
al
 a
nd
 e
a
s
te
rn
 
su
bu
rb
s,
 c
o
n
s
is
ti
ng
 o
f 
93
, 
21
8 
an
d 
14
6 
c
e
ll
s 
re
s
pe
ct
iv
el
y,
 
lik
ew
is
e 
pr
es
en
t 
se
ri
ou
s 
da
ta
 h
an
dl
in
g 
pr
ob
le
m
s.
 
In
 o
rd
er
 t
he
re
fo
re
 t
o 
o
bt
ai
n 
so
m
e 
m
ea
su
re
 
o
f 
s
pa
ti
al
 d
ep
en
de
nc
e 
fo
r 
th
e 
st
ud
y 
a
re
a
 
a
s 
a 
w
ho
le
 i
t 
w
as
 
de
ci
de
d 
to
~r
aw
 a
 
sa
m
pl
e 
fro
m
 t
he
 
po
pu
la
tio
n.
 
On
 a
c
c
o
u
n
t 
o
f 
ha
vi
ng
 t
o 
c
o
n
si
de
r 
o
n
ly
 c
o
n
tig
uo
us
 E
SD
's,
 
th
e 
sa
m
pl
e 
w
as
 
s
tr
a
ti
fi
ed
 r
e
: 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
. 
Si
lk
 (
 19
79
, 
p.
 1
18
) 
s
ta
te
s 
w
ith
 r
e
ga
rd
 t
o 
th
e 
s
iz
e 
o
f 
th
e 
su
b-
ar
ea
 
sy
st
em
 t
ha
t 
a
pp
ro
xi
m
at
e 
n
o
rm
a
lit
y 
is
 e
n
su
re
d 
a
s 
Lo
ng
 a
s 
th
e 
nu
m
be
r 
o
f 
c
e
ll
s 
(n
) 
in
 
th
e 
st
ud
y 
a
re
a
 
is
 g
re
at
er
 t
ha
n 
20
 a
nd
 p
re
fe
ra
bl
y 
30
 o
r 
m
o
re
. 
In
 o
rd
er
 t
o 
m
ee
t 
th
e 
re
qu
ir
em
en
ts
 f
or
 t
he
 a
ss
u
m
pt
io
n 
o
f 
n
o
rm
a
lit
y,
 
th
e 
n
o
rt
he
rn
 s
u
bu
rb
s,
 w
hi
ch
 c
o
n
s
is
t 
o
f 
o
n
ly
 3
3 
ES
D
's,
 
a
re
 
re
ga
rd
ed
 a
s 
a 
s
in
gl
e 
sa
m
pl
e.
 
In
 
th
e 
c
a
se
 o
f 
th
e 
so
u
th
er
n,
 
c
e
n
tr
al
 a
nd
 e
a
s
te
rn
 s
u
bu
rb
s 
sa
m
pl
es
 w
er
e 
dr
aw
n 
a
s 
fo
llo
w
s:
 
Th
e 
ES
D
's 
fo
r 
ea
ch
 a
re
a
 
w
er
e 
n
u
m
be
re
d 
c
o
n
se
c
u
tiv
el
y.
 
U
sin
g 
a 
ra
nd
om
 n
um
be
r 
14
5 
ta
bl
e 
a 
c
e
ll
 w
as
 
s
e
le
ct
ed
 a
nd
 
lo
ca
te
d 
on
 
a~
 E
SD
 m
ap
 o
f 
th
e 
a
re
a
. 
A
dja
ce
nt 
ES
D
's 
su
rr
o
u
n
di
ng
 t
hi
s 
c
e
ll
 w
er
e 
th
en
 c
ho
se
n,
 
th
e 
n
u
m
be
r 
be
in
g 
gr
ea
te
r 
th
an
 3
0 
<
th
us
 s
u
ff
ic
ie
nt
ly
 l
ar
ge
 f
or
 t
he
 a
ss
u
m
pt
io
n 
o
f 
n
o
rm
a
lit
y)
 b
ut
 v
a
ry
in
g 
fo
r 
e
a
c
h 
o
f 
th
e 
th
re
e 
c
o
n
c
e
n
tr
at
io
ns
 i
n 
o
rd
er
 t
o 
in
cl
ud
e 
a 
co
m
pa
ct
 a
re
a
. 
Ta
bl
e 
4.
1 
sh
ow
s 
th
e 
n
u
m
be
rs 
o
f 
ES
D'
s 
c
o
n
si
de
re
d 
fo
r 
e
a
c
h 
o
f 
th
e 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
 a
s 
w
e
ll 
as
 
th
e 
pr
op
or
ti
on
s 
w
hi
ch
 s
am
pl
es
 f
or
m
ed
 
re
la
ti
ve
 t
o 
th
e 
a
re
a
s 
fro
m
 
w
hi
ch
 t
he
y 
w
er
e 
dr
aw
n,
 
an
d 
to
 t
he
 s
tu
dy
 a
re
a
 
as
 
a 
w
ho
le
. 
TA
BL
E 
4.
1 
Sa
m
pl
e 
s
iz
es
 f
or
 a
u
to
co
rr
el
at
io
n 
A
re
a 
No
. 
o
f 
c
e
ll
s 
%
 of
 a
re
a
 
%
 of
 t
o
ta
l 
N
or
th
 
33
 
10
0 
7 
So
ut
h 
37
 
40
 
7 
C
en
tr
al
 
35
 
15
 
7 
Ea
st
 
36
 
25
 
7 
.
.
.
 
Il
l)
 
Th
e 
sh
ap
e 
o
f 
th
e 
sy
st
em
 o
f 
su
b-
ar
ea
s,
 
i.
e.
 
th
e 
le
ng
th
 o
f 
th
e 
pe
ri
m
et
er
. 
Th
e 
ra
ti
o 
o
f 
pe
ri
m
et
er
 t
o 
a
re
a
 
in
cr
ea
se
s 
a
s 
a 
sh
ap
e 
be
co
m
es
 
le
ss
 c
o
m
pa
ct
 a
n
d 
th
us
 m
ea
ns
 
th
at
 t
he
 i
nf
lu
en
ce
 o
f 
th
e 
bo
un
da
ry
 b
ec
om
es
 s
te
ad
il
y 
m
o
re
 
m
ar
ke
&
. 
A
 c
ir
cl
e 
is
 t
he
 m
o
st
 
co
m
pa
ct
 
c
o
n
fi
gu
ra
ti
on
 a
nd
 w
il
l 
ha
ve
 t
he
 s
m
a
ll
es
t 
pe
ri
m
et
er
 
in
 r
e
la
ti
on
 t
o 
it
s 
a
re
a
. 
If
 a
n 
a
re
a
 
o
f 
4 
is
 a
ss
u
m
ed
 f
or
 a
 
c
ir
cl
e,
 a
 
sq
ua
re
 a
n
d 
a 
re
c
ta
ng
le
, 
th
ei
r 
pe
ri
m
et
er
s 
a
re
 
re
s
pe
ct
iv
el
y 
7,
 
8 
an
d 
10
. 
O
th
er
 
po
ly
go
ns
 w
o
u
ld
 h
av
e 
m
uc
h 
la
rg
e 
pe
ri
m
et
er
s 
fo
r 
th
e 
sa
m
e 
a
re
a
. 
On
 
a
c
c
o
u
n
t 
o
f 
th
ei
r 
ge
ne
ra
ll
y 
no
n
-c
o
m
pa
ct
 c
o
n
fi
gu
ra
ti
on
s,
 e
a
c
h 
o
f 
th
e 
•
 
14
7 
c
o
lo
ur
ed
 
r
e
s
id
en
t l
al
 a
re
a
s 
to
 a
 
c
e
rt
ai
n 
e
x
te
n
t,
 
th
e 
e
ff
ec
t 
c
a
n
n
o
t 
be
 
ig
no
re
d.
 
Th
e 
a
pp
ar
en
t 
re
la
ti
on
sh
ip
 b
et
w
ee
n 
so
c
ia
l 
s
ta
tu
s 
in
 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s 
an
d 
a
dja
ce
nt 
La
nd
us
e 
pr
es
en
ts
 a
 
pr
ob
le
m
 
si
m
il
ar
 i
n 
n
a
tu
re
 t
o 
th
e 
bo
un
da
ry
 p
ro
bl
em
 e
n
c
o
u
n
te
re
d 
in
 N
ea
re
st
 
N
ei
gh
bo
ur
 a
n
a
ly
si
s 
in
 w
hi
ch
 a
n 
o
c
c
u
rr
e
n
c
e
 o
u
ts
id
e 
th
e 
bo
un
da
ry
 m
ay
 
be
 c
lo
se
r 
to
 t
he
 p
oi
nt
 u
n
de
r 
c
o
n
si
de
ra
tio
n 
th
an
 a
ny
 w
ith
in
 t
he
 L
im
its
 
o
f 
th
e 
bo
un
da
ry
 <
D
ac
ey
, 
19
63
; 
De
 V
os
, 
19
73
). 
It
 m
u
st
 
th
en
 b
e 
e
s
ta
bl
is
he
d 
w
he
th
er
 t
he
 b
ou
nd
ar
y 
is
 r
e
a
l 
o
r 
a
r
ti
fi
ci
al
. 
If
 i
t 
is
 
c
o
n
si
de
re
d 
to
 b
e 
re
a
l,
 
it
 i
s 
a
c
c
e
pt
ab
le
 t
o 
ig
no
re
 o
c
c
u
rr
e
n
c
e
s 
o
f 
th
e 
v
a
ri
ab
le
 o
u
ts
id
e 
th
e 
bo
un
da
ry
, 
a
s 
th
es
e 
a
re
 
n
o
t 
se
e
n
 
to
 
in
fl
ue
nc
e 
·
th
e 
di
st
ri
bu
ti
on
 w
ith
in
 t
he
 b
ou
n
da
ry
 i
n 
an
y 
w
ay
. 
If
 t
he
 b
ou
nd
ar
y 
is
 a
r
ti
fi
ci
al
, 
th
en
 w
ith
in
 t
he
 d
el
im
ite
d 
a
re
a
, 
pa
tt
er
ns
 i
de
nt
if
ie
d 
a
re
 
n
o
t 
v
a
li
d,
 a
s 
in
w
ar
d 
in
te
ra
ct
io
n 
is
 e
m
ph
as
iz
ed
. 
In
 
th
e 
c
a
se
 o
f 
th
is
 p
ar
ti
cu
la
r 
st
ud
y 
th
e 
c
o
n
c
e
n
tr
at
io
n 
is
 o
n 
o
n
e 
s
in
gl
e 
e
th
ni
c 
gr
ou
p 
an
d 
th
e 
bo
u
n
da
ri
es
 a
re
 
"
re
a
l"
 i
n 
th
at
 t
he
y 
a
re
 
Le
ga
lly
, 
if
 a
rt
if
ic
al
ly
 d
ef
in
ed
 t
o 
de
lim
it 
th
e 
re
s
id
en
ti
al
 a
re
a
s 
o
f 
th
at
 g
ro
up
. 
H
ow
ev
er
, 
th
e 
pr
ob
le
m
 i
s 
co
m
po
un
de
d 
by
 t
he
 f
ac
t 
th
at
 
th
e 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 u
n
it
s 
fo
rm
 p
ar
t 
o
f 
an
 
u
rb
an
 s
ys
te
m
 m
ad
e 
up
 
o
f 
tw
o 
di
ff
er
en
t 
so
c
io
-e
co
no
m
ic
 g
ro
up
s,
 v
iz
. 
w
hi
te
 a
nd
 n
o
n
-w
hi
te
. 
W
hi
le
 t
he
 b
ou
nd
ar
ie
s 
o
f 
th
e 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s 
a
re
 
o
ff
ic
ia
ll
y 
de
lim
ite
d 
an
d 
m
ay
 a
s 
su
ch
 b
e 
re
ga
rd
ed
 a
s 
"
re
a
l"
 b
ou
nd
ar
ie
s 
th
e 
in
fl
ue
nc
e 
o
f 
a
dja
ce
nt 
La
nd
us
e 
an
d 
re
la
ti
on
sh
ip
s 
w
ith
 t
he
 r
e
s
t 
o
f 
th
e 
sy
st
em
 t
en
d 
to
 s
u
gg
es
t 
th
at
 t
he
 l
eg
al
 b
ou
nd
ar
ie
s 
a
re
 
in
 f
ac
t 
a
r
ti
fi
-
c
ia
l.
 
A
 f
ur
th
er
 p
ha
se
 o
f 
th
e 
st
ud
y 
o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
in
 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s 
<w
hi
ch
 
is
 n
o
t 
w
ith
in
 t
he
 s
co
pe
 o
f 
th
is
 
pr
oj
ec
t),
 s
ho
ul
d 
th
er
ef
or
e 
be
 a
n 
in
ve
st
ig
at
io
n 
in
to
 t
he
 p
ro
bl
em
 o
f 
w
he
th
er
 s
o
c
ia
l 
s
ta
tu
s 
ch
an
ge
s 
a
c
ro
ss
 
w
hi
te
-c
ol
ou
re
d 
bo
un
da
ri
es
 a
nd
 
w
he
th
er
 t
he
se
 a
re
 
in
 f
ac
t 
"
re
a
l"
 b
ou
nd
ar
ie
s.
 
iv
l 
In
te
ra
ct
io
n 
C
li
ff
 &
 Or
d 
<
19
69
) 
de
ri
ve
d 
th
ei
r 
s
ta
ti
st
ic
 s
o
 
th
at
 
in
te
ra
ct
io
n 
n
ee
d 
n
o
t 
n
e
c
e
ss
a
ri
ly
 b
e 
re
s
tr
ic
te
d 
to
 a
dja
ce
nt 
c
e
ll
s 
o
n
ly
< 
i.
e.
 f
ir
st
 
14
8 
o
rd
er
 r
e
la
tio
ns
hi
ps
> 
bu
t 
c
o
u
ld
 a
ls
o 
be
 a
pp
lie
d 
w
he
n 
in
te
ra
ct
io
n 
w
as
 
w
ith
 s
ec
o
n
d 
an
d 
th
ir
d 
o
rd
e
r 
c
e
ll
s.
 
C
or
re
la
tio
n 
c
o
u
ld
 t
hu
s 
be
 
m
ea
su
re
d 
be
tw
ee
n 
c
e
ll
s,
 e
it
he
r 
v
e
rt
ic
al
ly
 o
r 
ho
ri
zo
nt
al
ly
 r
em
ov
ed
 
fro
m
 t
he
 o
ri
gi
na
l 
c
e
ll
 (
ro
ok
s 
c
a
se
) 
o
r 
di
ag
on
al
ly
 n
o
n
-a
dja
ce
nt 
(b
ish
op
s 
c
a
s
e
). 
As
 s
o
c
ia
l 
s
ta
tu
s 
is
 a
ss
u
m
ed
 t
o
 
be
 r
e
fl
ec
te
d 
in
 h
ou
si
ng
 a
ny
 
in
fl
ue
nc
e 
w
ou
ld
 n
o
t 
be
 f
el
t 
fu
rt
he
r 
aw
a
y 
th
an
 t
he
 a
dj
ac
en
t E
SD
's 
be
ca
us
e 
in
di
-
v
id
ua
ls
 t
en
d 
to
 a
s
s
o
c
ia
te
 w
it
h 
an
d 
be
 
in
fl
ue
nc
ed
 b
y 
th
ei
r 
im
m
ed
ia
te
 
n
ei
gh
bo
ur
ho
od
. 
Th
e 
a
v
e
ra
ge
 n
um
be
r 
o
f 
dw
el
lin
gs
 i
n 
an
 
ES
D 
is
 1
60
 
an
d 
th
er
ef
or
e 
c
lo
se
st
 n
ei
gh
bo
u
rs
 
a
re
 
Li
ke
ly
 t
o 
fa
ll
 w
ith
in
 t
he
 s
am
e 
o
r 
an
 
a
dja
ce
nt 
ES
D.
 
On
ly
 f
ir
s
t 
o
rd
er
 i
nt
er
ac
ti
on
 b
et
w
ee
n 
im
me
-
di
at
el
y 
a
dja
ce
nt 
ES
D'
s 
is
 t
he
re
fo
re
 c
o
n
si
de
re
d.
 
Pa
tt
er
ns
 w
hi
ch
 e
m
er
ge
d 
fro
m
 t
he
 m
ap
pi
ng
 h
ad
 n
o 
o
bv
io
us
 t
re
nd
s.
 
No
 
di
re
ct
io
na
l 
co
m
po
ne
nt
 
is
 t
o 
be
 
in
cl
ud
ed
 i
n 
th
e 
fi
rs
t 
ru
n
s 
a
s 
th
er
e 
is
 
no
 
st
ro
ng
 d
ir
ec
ti
on
al
 b
ia
s 
in
 h
ou
si
ng
 o
r 
La
yo
ut
 o
f 
re
s
id
en
ti
al
 a
re
a
s 
o
w
in
g 
to
 t
he
 f
la
t 
to
po
gr
ap
hy
 o
f 
th
e 
st
ud
y 
a
re
a
. 
Fu
rt
he
r,
 
th
e 
ir
re
gu
-
la
ri
ty
 o
f 
th
e 
sh
ap
e 
an
d 
Lo
ca
tio
n 
o
f 
;th
e 
c
e
ll
s 
m
ak
e 
it
 a
lm
os
t 
im
po
ss
ib
le
 
to
 r
e
c
o
gn
iz
e 
dJ
re
ct
io
na
l 
pa
tt
er
ns
 i
n 
c
e
ll
 l
oc
at
io
n 
an
d 
th
er
ef
or
e 
o
n
ly
 
an
 
o
v
e
ra
ll
 a
u
to
co
rr
el
at
io
n 
is
 
a
pp
lie
d 
a
lth
ou
gh
 t
hi
s 
ca
n
 
be
 e
x
pe
ct
ed
 
to
 g
iv
e 
a 
Lo
we
r 
c
o
e
ff
ic
ie
nt
 t
ha
n 
th
at
 f
or
 d
ir
ec
ti
on
al
 r
u
n
s 
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Th
e 
w
e
ig
ht
in
g 
fa
ct
or
 
W
he
n 
a 
su
rf
ac
e 
c
o
m
pr
is
es
 i
rr
e
gu
la
r 
su
b-
ar
ea
s 
(a
s 
m
an
y 
ge
og
ra
ph
ic
 
su
rf
ac
es
 d
o)
, 
C
li
ff
 &
 Or
d 
(1
96
9) 
su
gg
es
t 
th
at
 t
he
 s
ta
ti
st
ic
 s
ho
ul
d 
be
 a
dj
us
ted
 t
o 
ta
ke
 t
hi
s 
in
to
 
a
c
c
o
u
n
t.
 
As
 
th
e 
c
e
ll
s 
in
 t
he
 s
tu
dy
 
a
re
a
 
a
re
 
ir
re
gu
la
r 
in
 b
ot
h 
sh
ap
e 
an
d 
s
iz
e,
 a
 
w
e
ig
ht
in
g 
fa
ct
or
 m
u
st
 
be
 
in
cl
ud
ed
 s
o
 
th
at
 c
e
ll
s 
a
re
 
st
an
da
rd
is
ed
 r
e
la
ti
ve
 t
o 
e
a
c
h 
o
ih
er
 f
or
 
c
o
m
pa
ra
tiv
e 
pu
rp
os
es
. 
Th
e 
re
la
ti
on
sh
ip
 b
et
w
ee
n 
a
dja
ce
nt 
c
e
ll
s 
is
 n
o
t 
n
e
c
e
ss
a
ri
ly
 r
e
c
ip
ro
ca
l 
be
ca
us
e 
o
f 
th
e 
re
la
ti
ve
 i
m
po
rta
nc
e 
o
f 
th
e 
14
9 
de
gr
ee
 o
f 
c
o
n
ta
ct
 b
et
w
ee
n 
c
e
ll
s.
 
W
he
re 
a 
la
rg
e 
c
e
ll
 
is
 b
ou
nd
ed
 b
y 
sm
a
lle
r 
c
e
ll
s,
 
th
e 
pr
op
or
tio
n 
o
f 
th
e 
pe
ri
m
et
er
 o
f 
th
e 
la
rg
e 
c
e
ll
 
in
 
c
o
n
ta
ct
 w
ith
 e
ac
h 
sm
al
l 
c
e
ll
 
is
 f
ar
 s
m
a
lle
r 
th
an
 t
he
 c
o
n
ta
ct
 p
ro
po
r-
ti
on
 f
or
 e
ac
h 
sm
a
ll 
c
e
ll
 r
e
la
ti
ve
 t
o 
th
e 
la
rg
e 
o
n
e
. 
Th
e 
in
fl
ue
nc
e 
o
f 
th
e 
la
rg
e 
c
e
ll
 
is
 t
hu
s 
gr
ea
te
r 
on
 
th
e 
sm
a
ll 
c
e
ll
 t
ha
n 
v
ic
e 
v
e
rs
a
. 
Th
is
 
fa
ct
, 
th
e 
c
ha
ra
ct
er
 o
f 
th
e 
U
.C
,T
. 
co
m
pu
te
r 
an
d 
th
e 
u
se
 
o
f 
Fo
rt
ra
n 
n
e
c
e
ss
it
at
ed
 t
ha
t 
a 
s
qu
a
re
 
w
e
ig
ht
in
g 
m
a
tr
ix
 w
as
 
c
o
n
st
ru
ct
ed
, 
th
e 
s
iz
e 
de
pe
nd
in
g 
up
on
 t
he
 n
um
be
r 
o
f 
c
e
ll
s 
u
n
de
r 
c
o
n
si
de
ra
tio
n.
 
W
he
re 
a
t 
le
as
t 
o
n
e 
si
de
 o
f 
an
 
ES
D 
fo
rm
s 
pa
rt
 o
f 
a 
bo
un
da
ry
 t
ha
t 
s
id
e 
is
 n
o
t 
c
o
n
si
de
re
d 
as
 
pa
rt
 o
f 
th
e 
c
e
ll
 p
er
im
et
er
. 
It
 
is
 t
he
re
fo
re
 
pr
es
um
ed
 t
ha
t 
10
0%
 
in
te
ra
ct
io
n 
ta
ke
s 
pl
ac
e 
o
v
e
r 
c
o
n
ta
ct
in
g 
s
id
es
. 
As
 W
ard
 
<1
97
8) 
s
e
t 
th
e 
w
ei
gh
ti
ng
 f
ac
to
r 
a
t 
u
n
it
y,
 
th
e 
co
m
pu
te
r 
pr
og
ra
m
m
e 
ha
d 
to
 b
e 
m
o
di
fie
d 
<A
pp
en
di
x 
4>
, 
in
 o
rd
er
 t
o 
in
cl
ud
e 
th
e 
w
e
ig
ht
s.
 
Th
e 
pr
og
ra
m
m
e 
w
as
 
th
en
 t
es
te
d 
on
 
a 
re
gu
la
r 
an
d 
an
 
ir
re
gu
la
r 
gr
id
 b
y 
a 
ra
nd
om
 n
um
be
r 
ru
n
 
w
it
h 
w
 
.
.
 
s
e
t 
to
 
1. 
Sa
ti
sf
ie
d 
th
at
 t
he
 
IJ
 
pr
og
ra
m
m
e 
w
as
 
o
pe
ra
ti
on
al
 a
 
se
ri
es
 o
f 
c
o
rr
e
la
ti
on
s 
w
as
 
ru
n
 
on
 
hy
po
-
th
et
ic
al
 d
at
a.
 
Th
e 
33
 c
e
ll
s 
o
f 
th
e 
n
o
rt
he
rn
 s
u
bu
rb
s 
w
er
e 
u
se
d 
a
s 
a 
ba
se
 a
nd
 
in
te
ra
ct
io
n 
in
 a
n 
e
a
st
-w
es
t 
di
re
ct
io
n 
w
as
 
si
m
ul
at
ed
. 
A
 
s
e
t 
o
f 
v
a
lu
es
 g
ra
de
d 
fro
m
 h
ig
h 
in
 t
he
 w
e
st
er
n 
to
 
low
 
in
 t
he
 e
a
s
te
rn
 
c
e
ll
s 
fo
rm
ed
 
th
e 
da
ta
 s
e
t 
fo
r 
te
st
in
g 
th
e 
e
ff
ec
t 
o
f 
v
a
ri
ou
s 
w
e
ig
ht
s.
 
U
sin
g 
an
 
u
n
w
ei
gh
te
d 
m
a
tr
ix
 (
i.
e
. 
w
 
.
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s
e
t 
to
 
1>
 
th
e 
c
o
rr
e
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ti
on
 w
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IJ
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e
x
pe
ct
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iz
. 
r 
=
 
0,
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Ta
bl
e 
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C
li
ff
 &
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( 1
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 e
m
ph
as
iz
e 
th
e 
im
po
rta
nc
e 
o
f 
u
si
ng
 <
at
 
le
a
s
t 
in
it
ia
ll
y)
 l
en
gt
h 
o
r 
pr
op
or
tio
n 
o
f 
co
m
m
on
 
bo
un
da
ry
 f
or
 a
dja
ce
nt 
ce
ll
s 
fo
r 
st
an
da
rd
iz
in
g 
c
e
ll
s 
re
la
ti
ve
 
to
 o
n
e 
a
n
o
th
er
. 
Th
e 
ir
re
gu
la
r 
sh
ap
e 
o
f 
th
e 
c
e
ll
s 
in
 t
he
 s
tu
dy
 a
re
a
 
su
gg
es
te
d 
th
at
 t
hi
s 
m
ig
ht
 m
ak
e 
a 
di
ff
er
en
ce
 t
o 
th
e 
c
o
rr
e
la
ti
on
. 
Pr
op
or
tio
n 
o
f 
th
e 
pe
ri
m
et
er
 o
f 
an
 
ES
D 
in
 c
o
n
ta
ct
 w
ith
 a
n 
a
dj
ac
en
t 
c
e
ll
 w
as
 
th
us
 u
se
d 
a
s 
an
 
in
it
ia
l 
w
e
ig
ht
. 
Th
e 
c
o
rr
e
la
ti
on
 d
ro
pp
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c
o
n
si
de
ra
bl
y 
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e 
4.
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Th
is
 f
ou
rf
ol
d 
de
cr
ea
se
 i
n 
th
e 
c
o
e
ff
ic
ie
nt
, 
br
in
gi
ng
 i
t 
to
 a
 
le
ve
l 
th
at
 w
as
 
n
e
it
he
r 
s
ig
ni
fi
ca
nt
 
n
o
r 
in
di
ca
ti
ve
 o
f 
an
y 
a
s
s
o
c
ia
ti
on
, 
sh
ow
ed
 c
le
ar
ly
 h
ow
 
im
po
rt
an
t 
it
 
is
 t
o 
te
st
 p
at
te
rn
in
g 
s
ta
st
ic
a
ll
y 
an
d 
o
bj
ec
tiv
ely
 a
nd
 n
o
t 
to
 r
e
ly
 o
n 
v
is
ua
l 
in
te
rp
re
ta
ti
on
 a
s 
it
 c
a
n
 
be
 m
is
le
ad
in
g.
 
On
 t
he
 o
th
er
 h
an
d 
th
e 
w
e
ig
ht
in
g 
it
se
lf
 m
ay
 b
e 
in
a
pp
ro
pr
ia
te
, 
Th
is
 n
ee
ds
 t
es
ti
ng
 o
n 
15
0 
st
an
da
rd
is
ed
 a
nd
 d
ir
ec
tl
y 
co
m
pa
ra
bl
e 
da
ta
 s
e
ts
. 
Th
e 
c
ho
ic
e 
o
f 
o
th
er
 f
ac
to
rs
 
in
fl
ue
nc
in
g 
th
e 
in
te
ra
ct
io
n 
be
tw
ee
n 
c
e
ll
s 
de
pe
nd
s 
on
 
th
e 
n
a
tu
re
 o
f 
th
e 
v
a
ri
ab
le
 b
ei
ng
 c
o
rr
e
la
te
d.
 
Si
nc
e 
th
is
 s
tu
dy
 
de
al
s 
w
ith
 s
o
c
io
-e
co
no
m
ic
 s
ta
tu
s 
an
d 
si
nc
e 
th
is
 i
s 
a
ff
ec
te
d 
by
 t
he
 
nu
m
be
r 
o
f 
w
ag
e 
e
a
rn
e
rs
 
in
 e
a
c
h 
c
e
ll
 
it
 w
as
 
fe
lt
 t
ha
t 
it
 w
ou
ld
 b
e 
a
pp
ro
pr
ia
te
 t
o 
in
co
rp
or
at
e 
th
is
 v
a
ri
ab
le
 .i
nt
o 
th
e 
w
e
ig
ht
in
g 
sy
st
em
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Th
e 
se
co
n
d 
w
ei
gh
t 
ch
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en
 t
he
re
fo
re
 i
s 
c
o
m
po
si
te
, 
co
m
bi
ni
ng
 p
ro
po
rt
io
n 
o
f 
pe
ri
m
et
er
 i
n 
c
o
n
ta
ct
 a
nd
 n
u
m
be
r 
o
f 
w
ag
e 
e
a
rn
e
rs
 
in
 a
 
c
e
ll
. 
W
he
n 
th
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 w
e
ig
ht
in
g 
fa
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a
pp
lie
d 
to
 t
he
 h
yp
ot
he
tic
al
 d
at
a 
th
e 
c
o
rr
e
la
ti
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 c
o
e
ff
ic
ie
nt
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 v
er
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s
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d 
w
ag
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a
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m
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a
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C
or
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la
ti
on
 
c
o
e
ff
ic
ie
nt
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77
 
0,
 18
0 
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1 
Th
e 
w
e
ig
ht
in
g 
fa
ct
or
 t
hu
s 
c
o
n
si
de
ra
bl
y 
re
du
ce
s 
th
e 
c
o
rr
e
la
ti
on
 
c
o
e
ff
ic
ie
nt
 a
nd
 a
 
s
in
gl
e 
fa
ct
or
 w
ei
gh
t 
pr
od
uc
es
 t
he
 l
ow
es
t 
c
o
rr
e
la
ti
on
 
w
ith
in
 a
n 
a
re
a
. 
Th
us
 w
hi
le
 i
t 
a
pp
ea
rs
 w
he
n 
c
a
lc
ul
at
in
g 
th
e 
c
o
rr
e
l-
a
ti
on
 c
o
e
ff
ic
ie
nt
 w
ith
ou
t 
a 
w
e
ig
ht
in
g 
co
m
po
ne
nt
 t
ha
t 
th
er
e 
is
 
de
fi
ni
te
 s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
c
e
ll
s,
 w
he
n 
th
is
 c
o
m
po
ne
nt
 
is
 
in
cl
ud
ed
, 
s
pa
ti
al
 d
ep
en
de
nc
e 
do
es
 n
o
t 
o
c
c
u
r 
an
d 
gr
ou
ps
 o
f 
c
e
ll
s 
m
ay
 
be
 r
e
ga
rd
ed
 a
s 
di
sc
re
te
. 
A
lth
ou
gh
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li
ff
 &
 Or
d 
( 1
96
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in
di
ca
te
d 
th
at
 
a 
w
e
ig
ht
in
g 
sy
st
em
 s
ho
ul
d 
be
 u
se
d 
w
he
n 
a
pp
ly
in
g 
th
ei
r 
s
ta
ti
st
ic
 t
o 
ir
re
gu
la
rl
y 
sh
ap
ed
 a
re
a
s 
be
ca
u
se
 
th
e 
di
ff
er
en
ce
 i
n 
c
o
n
ta
ct
 b
et
w
ee
n 
c
e
ll
s 
w
ou
ld
 t
en
d 
to
 c
ha
ng
e 
th
e 
c
o
rr
e
la
ti
on
, 
th
ey
 g
av
e 
no
 
in
di
ca
tio
n 
o
f 
th
e 
o
rd
er
 o
f 
th
e 
ch
an
ge
 t
ha
t 
c
o
u
ld
 b
e 
e
x
pe
ct
ed
. 
Th
e 
o
rd
er
 o
f 
m
ag
ni
tu
de
 o
f 
th
e 
de
cr
ea
se
 f
ro
m
 u
n
w
ei
gh
te
d 
c
o
rr
e
la
ti
on
 t
o 
a 
s
in
gl
e 
fa
ct
or
 w
ei
gh
te
d 
o
n
e 
is
 e
x
c
e
pt
io
na
ll
y 
hi
gh
 (
ov
er
 3
00
%
>. 
An
 
in
ve
st
i-
ga
tio
n 
in
to
 t
he
 e
x
a
c
t 
o
pe
ra
ti
o
n
 a
nd
 e
ff
ec
ts
 o
f 
w
e
ig
ht
in
g 
is
 t
hu
s 
n
e
c
e
ss
a
ry
. 
Th
is
 w
ou
ld
 r
e
qu
ir
e 
th
e 
s
ki
ll
s 
o
f 
an
 
a
pp
lie
d 
m
a
th
em
at
ic
ia
n 
o
r 
s
ta
ti
st
ic
ia
n,
 h
ow
ev
er
, 
an
d 
is
 b
ey
on
d 
th
e 
sc
o
pe
 o
f 
th
is
 s
tu
dy
 w
hi
ch
 
c
o
n
c
e
n
tr
at
es
 o
n 
pa
tt
er
ns
 o
f 
so
c
ia
l 
s
ta
tu
s.
 
b) 
Sp
at
ia
l 
de
pe
nd
en
ce
 i
n 
so
c
ia
l 
s
ta
tu
s 
C
or
re
la
ti
on
s 
w
er
e 
no
w
 
so
u
gh
t 
fo
r 
ea
ch
 o
f 
th
e 
fo
ur
 r
e
s
id
en
ti
al
 c
o
n
c
e
n
-
tr
at
io
ns
 u
si
ng
 t
he
 s
am
pl
e 
a
re
a
s 
de
fi
ne
d 
e
a
rl
ie
r.
 
D
at
a 
in
pu
t 
fo
r 
e
a
c
h 
a
re
a
 
w
as
 
m
id
po
in
t 
o
f 
m
od
a
l 
c
la
ss
 f
or
 e
a
c
h 
ES
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On
ce
 a
ga
in
 
u
si
ng
 t
he
 n
o
rt
he
rn
 s
u
bu
rb
s 
a
s 
th
e 
c
e
ll
 m
a
tr
ix
 t
he
 p
ro
gr
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m
e 
w
as
 
ru
n
 
th
re
e 
tim
es
. 
Th
e 
fi
rs
t 
ru
n
 
w
a
s 
u
n
w
ei
gh
te
d.
 
Se
co
nd
ly
, 
pr
op
or
tio
n 
o
f 
th
e 
pe
ri
m
et
er
 w
as
 
u
se
d 
a
s 
a 
w
ei
gh
t 
an
d 
fi
na
ll
y,
 o
n
ce
 
a
ga
in
 t
he
 
co
m
po
si
te
 w
e
ig
ht
in
g 
fa
ct
or
 o
f 
pr
op
or
tio
n 
o
f 
pe
ri
m
et
er
 a
nd
 w
ag
e 
e
a
rn
e
rs
, 
w
as
 
a
pp
lie
d.
 
Th
e 
co
rr
e
la
ti
on
s 
w
hi
ch
 a
re
 
th
e 
re
s
u
lt
s 
o
f 
th
es
e 
e
x
pe
ri
m
en
ta
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n
s 
a
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gi
ve
n 
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ot
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Th
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u
se
 o
f 
re
a
l 
da
ta
 w
ith
 o
n
ly
 a
 
s
in
gl
e 
w
e
ig
ht
in
g 
fa
ct
or
 a
ga
in
 s
ho
w
s 
a 
m
ar
ke
d 
de
cr
ea
se
 i
n 
th
e 
c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
s 
s
im
il
ar
 t
o 
th
at
 
o
bs
er
ve
d 
in
 t
he
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u
n
s 
u
si
ng
 h
yp
o
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et
ic
al
 d
at
a.
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es
tin
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fo
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u
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c
o
rr
e
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n 
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m
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m
 a
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ou
r 
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m
po
ne
nt
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o
f 
th
e 
st
ud
y 
a
re
a
 
th
er
ef
or
e 
ha
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to
 t
ak
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 a
c
c
o
u
n
t 
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th
 s
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o
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te
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ct
io
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be
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ee
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e
l l
 s.
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w
e
ig
ht
in
g 
fa
ct
or
 u
se
d 
w
as
 
th
e 
co
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 n
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o
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 c
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-
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si
te
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a
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a
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in
al
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 h
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he
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c
o
rr
e
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th
an
 t
he
 
s
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gl
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 w
e
ig
ht
in
g 
sy
st
em
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v
a
lu
es
). 
A
re
a 
N
or
th
 
So
ut
h 
C
en
tr
al
 
Ea
st
 
ku
rt
os
is
 
3,
2 
3,
2 
1,
 4 
5,
0 
No
. 
o
f 
c
e
ll
s 
33
 
37
 
35
 
36
 
No
. 
o
f 
jo
in
s 
16
8 
18
6 
16
2 
17
4 
C
or
re
la
tio
n 
c
o
e
ff
ic
ie
nt
 
0,
06
3 
0,
01
2 
0,
06
9 
0,
07
0 
Th
e 
da
ta
 f
or
 t
he
 s
am
pl
e 
In
 e
a
c
h 
a
re
a
 
m
ay
 b
e 
re
ga
rd
ed
 a
s 
n
o
rm
a
lly
 d
is
-
tr
ib
ut
ed
. 
As
 e
x
pe
ct
ed
 f
ro
m
 t
he
 s
am
pl
e 
s
iz
e 
an
d 
n
a
tu
re
, 
v
a
lu
es
 o
b-
ta
in
ed
 f
or
 t
he
 c
o
e
ff
ic
ie
nt
 o
f 
ku
rt
os
is
 i
nd
ic
at
e 
th
at
 w
hi
le
 d
at
a 
fo
r 
th
e 
n
o
rt
he
rn
 a
nd
 s
o
u
th
er
n 
su
bu
rb
s 
a
re
 
qu
it
e 
n
o
rm
a
lly
 d
is
tr
ib
ut
ed
, 
th
os
e 
fo
r 
th
e 
c
e
n
tr
al
 a
nd
 e
a
s
te
rn
 a
re
a
s 
a
re
 
re
sp
ec
ti
ve
ly
 s
li
gh
tl
y 
po
si
ti
ve
ly
 a
nd
 n
e
ga
tiv
el
y 
sk
ew
. 
Ex
ce
pt
 f
or
 t
he
 S
ou
th
er
n 
su
bu
rb
s 
w
hi
ch
 s
ho
w
s 
an
 
e
x
c
e
pt
io
na
ll
y 
low
 v
a
lu
e 
fo
r 
th
e 
c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
 
th
e 
fo
ur
 a
re
a
s 
e
x
hi
bi
t 
a
lm
os
t 
id
en
ti
ca
l, 
low
 v
a
lu
es
. 
Si
nc
e 
th
e 
c
o
-
e
ff
ic
ie
nt
 h
er
e 
is
 a
 
m
ea
su
re
 
o
f 
th
e 
o
v
e
ra
ll
 s
pa
ti
al
 d
ep
en
d~
nc
e 
in
 t
he
 
a
re
a
 
u
n
de
r 
c
o
n
si
de
ra
tio
n,
 
it
 m
u
st
 
be
 c
o
n
cl
ud
ed
 t
ha
t,
 u
si
ng
 m
od
al 
c
la
ss
 m
id
po
in
t 
a
s 
da
ta
 i
np
ut
 v
a
lu
es
 a
nd
 a
 
c
o
m
bi
na
tio
n 
o
f 
pr
op
or
tio
n 
o
f 
pe
ri
m
et
er
 i
n 
c
o
n
ta
ct
 a
nd
 n
um
be
r 
o
f 
w
ag
e 
e
a
rn
e
rs
 
in
 t
he
 E
SD
 a
s 
th
e 
w
e
ig
ht
in
g 
fa
ct
or
, 
o
v
e
ra
ll
 s
pa
ti
al
 d
ep
en
de
nc
e 
do
es
 n
o
t 
e
x
is
t.
 
Th
at
 
is
, 
gi
ve
n 
th
at
 a
 
c
e
ll
 h
as
 r
e
s
id
en
ts
 w
ith
 a
 
pa
rt
ic
ul
ar
 m
od
al 
c
la
ss
 
o
f 
SE
S 
sc
o
re
 
th
er
e 
is
 n
o 
gu
ar
an
te
e 
o
f 
th
e 
m
od
al 
c
la
ss
 S
ES
 s
c
o
re
 
to
 
be
 f
ou
nd
 
in
 a
dj
ac
en
t E
SD
's:
 
th
ey
 m
ay
 b
e 
lo
w
er
, \
hi
gh
er
 o
r 
th
e 
sa
m
e 
.
 
.
 It
 w
as
 
th
er
ef
or
e 
de
ci
de
d 
to
 t
es
t 
w
he
th
er
 t
he
 a
pp
ar
en
t 
pa
tt
er
ns
 i
n 
o
v
e
ra
ll
 c
lu
st
er
 g
ro
up
s 
w
er
e 
s
pa
ti
al
ly
 d
ep
en
de
nt
. 
Th
e 
hi
gh
ly
 c
o
n
ti
-
gu
ou
~ 
gr
ou
ps
 o
f 
c
e
ll
s 
is
ol
at
ed
 b
y 
th
e 
70
% 
l~
ve
l 
c
u
t-
o
ff
 o
n 
th
e 
o
v
e
ra
ll
 
1.5
4 
c
lu
st
er
 d
ia
gr
am
 f
or
 t
he
 n
o
rt
he
rn
 s
u
bu
rb
s 
w
as
 
th
e 
da
ta
 i
np
ut
. 
Th
e 
c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
s 
(g
ive
n 
in
 T
ab
le
 4
.6
) 
a
re
 
lo
w
er
 t
ha
n 
th
os
e 
fo
r 
a 
da
ta
 i
np
ut
 o
f 
m
id
po
in
t 
o
f 
m
od
al 
c
la
ss
. 
Th
e 
hi
gh
er
 t
he
 c
o
n
-
ti
gu
it
y 
be
tw
ee
n 
c
e
ll
s 
o
f 
th
e 
sa
m
e 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
th
er
ef
or
e,
 t
he
 
lo
w
er
 t
he
 c
o
rr
e
la
ti
on
 a
nd
 t
he
 l
es
s 
th
e 
s
pa
ti
al
 d
ep
en
de
nc
e.
 
TA
BL
E 
4.
6 
C
al
cu
la
te
d 
c
o
e
ff
ic
ie
nt
s 
o
f 
a
u
to
co
rr
el
at
io
n 
(o
ve
ra
ll 
c
lu
st
er
s)
 
Ru
n 
A
re
a 
N
or
th
 
2. 
N
or
th
 
D
at
a 
In
pu
t 
W
ei
gh
tin
g 
fa
ct
or
 
O
ve
ra
ll 
Co
nt
ac
t 
c
lu
st
er
 g
ro
up
s 
pr
op
or
tio
n 
O
ve
ra
ll 
c
lu
st
er
 g
ro
up
s 
Co
nt
ac
t 
pr
op
or
tio
n 
an
d 
w
ag
e 
e
a
rn
e
rs
 
C
or
re
la
tio
n 
c
o
e
ff
ic
ie
nt
 
0,
04
C 
0,
04
3 
Th
e 
e
x
pe
ct
at
io
n 
o
f 
fi
nd
in
g 
a 
hi
gh
 d
eg
re
e 
o
f 
s
pa
ti
al
 d
ep
en
de
nc
e 
in
 v
iew
 
o
f 
th
e 
hi
gh
 d
eg
re
e 
o
f 
c
o
n
ti
gu
it
y 
o
f 
c
e
ll
s 
o
f 
th
e 
sa
m
e 
m
od
al 
c
la
ss
 i
n 
ea
ch
 o
f 
th
e 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
 i
s 
th
us
 n
o
t 
fu
lf
il
le
d.
 
So
me
 
e
x
pl
an
at
io
n 
is
 o
ff
er
ed
 b
y 
c
o
n
si
de
ra
tio
n 
o
f 
tw
o 
fa
ct
s.
 
An
 e
v
en
 
lo
w
er
 c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
 i
s 
o
bt
ai
ne
d 
u
si
ng
 d
at
a 
w
hi
ch
 s
ho
ws
 a
 
hi
gh
er
 d
eg
re
e 
o
f 
c
o
n
ti
gu
it
y 
th
an
 m
id
po
in
t 
o
f 
m
od
al 
c
la
ss
, 
v
iz
. 
70
% 
Le
ve
l 
c
lu
st
er
 g
ro
up
s 
<
Ta
bl
e 
4.
5 
an
d 
4.
6)
. 
C
le
ar
ly
 t
he
 h
ig
he
r 
th
e 
de
gr
ee
 o
f 
c
o
n
ti
gu
it
y 
o
f 
c
e
ll
s 
o
f 
th
e 
sa
m
e 
v
a
lu
e,
 
th
e 
lo
w
er
 t
he
 o
v
e
ra
ll
 
s
pa
ti
al
 d
ep
en
de
nc
e.
 
A
lth
ou
gh
 g
ro
up
s 
o
f 
c
e
ll
s 
o
f 
th
e 
sa
m
e 
v
a
lu
e 
o
c
c
u
r 
in
 e
ac
h 
o
f 
th
e 
a
re
a
s 
it
 i
s 
th
e 
br
ea
ks
 o
r 
di
ff
er
en
ce
s 
be
tw
ee
n 
th
es
e 
gr
ou
ps
 o
f 
c
e
ll
s 
w
hi
ch
 a
re
 e
m
ph
as
iz
ed
. 
Th
es
e 
te
nd
 t
o 
lo
w
er
 t
he
 
o
v
e
ra
ll
 s
pa
ti
al
 d
ep
en
de
nc
e 
in
 a
ny
 a
re
a
. 
By
 
im
pl
ic
at
io
n 
th
er
ef
or
e,
 
15
5 
low
 o
r 
no
 
c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
s 
po
in
t 
to
 t
he
 e
x
is
te
nc
e 
o
f 
sm
al
l 
gr
ou
ps
 o
f 
c
o
n
tig
uo
us
 E
SD
's 
o
f 
th
e 
sa
m
e 
s
o
c
ia
l 
s
ta
tu
s.
 
G
iv
en
 t
ha
t 
a 
pa
rt
ic
ul
ar
 s
ta
tu
s 
o
c
c
u
rs
 
in
 o
n
e 
a
re
a
·h
ow
ev
er
, 
th
er
e 
is
 n
o 
gu
ar
an
te
e 
o
f 
th
e 
s
ta
tu
s 
w
hi
ch
 w
il
l 
be
 f
ou
nd
 
in
 a
n 
a
dja
ce
nt 
a
re
a
. 
Sp
at
ia
l 
a
u
to
co
rr
el
at
io
n 
a
pp
ea
rs
 t
o 
be
 a
n 
e
x
tr
em
el
y 
e
ff
ec
ti
ve
 t
ec
hn
iq
ue
 
fo
r 
m
ea
su
rin
g 
s
pa
ti
al
 d
ep
en
de
nc
e.
 
V
is
ua
lly
, 
pa
tt
er
ns
 o
f 
so
c
io
-
ec
o
n
o
m
ic
 s
ta
tu
s 
su
gg
es
te
d 
th
at
 s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
gr
ou
ps
 o
f 
ES
D'
s 
o
f 
th
e 
sa
m
e 
s
ta
tu
s 
w
ou
ld 
be
 h
ig
h,
 a
s 
c
o
n
ti
gu
it
y 
be
tw
ee
n 
ES
D'
s 
in
 e
ac
h 
s
ta
tu
s 
gr
ou
p 
w
as
 
hi
gh
. 
It
 i
s 
ho
w
ev
er
, 
th
e 
s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
a
dja
ce
nt 
gr
ou
ps
 w
hi
ch
 m
us
t 
be
 m
ea
su
re
d.
 
On
 a
cc
o
u
n
t 
o
f 
th
e 
ir
re
gu
la
r 
sh
ap
e 
o
f 
th
e 
sy
st
em
 o
f 
su
b-
ar
ea
s,
 t
he
 c
o
rr
e
la
ti
on
 w
as
 
e
x
pe
ct
ed
 t
o 
be
 m
o
de
ra
te
 b
ut
 n
e
v
e
rt
he
le
ss
 i
nd
ic
at
iv
e 
o
f 
de
fi
ni
te
 
de
pe
nd
en
ce
 b
et
w
ee
n 
gr
ou
ps
. 
Th
e 
c
a
lc
ul
at
ed
 v
a
lu
e 
fo
r 
c
o
rr
e
la
ti
on
 w
as
 
ho
w
ev
er
, 
e
x
tr
em
el
y 
low
 a
nd
 t
hu
s 
sh
ow
ed
 a
 
co
m
pl
et
e 
la
ck
 o
f 
s
pa
ti
al
 
de
pe
nd
en
ce
 w
ith
in
 t
he
 s
tu
dy
 a
re
a
. 
Th
e 
n
a
tu
re
 o
f· 
th
e 
su
b-
ar
ea
 s
ys
te
m
 a
ls
o 
m
ad
e 
th
e 
c
o
n
si
de
ra
tio
n 
o
f 
th
e 
w
e
ig
ht
in
g 
fa
ct
or
 a
nd
 w
e
ig
ht
in
g 
sy
st
em
s 
im
pe
ra
tiv
e.
 
Th
e 
pr
im
ar
y 
in
ve
st
ig
at
io
n 
o
f 
th
is
 f
ac
to
r 
an
d 
it
s 
m
od
e 
o
f 
o
pe
ra
tio
n 
c
o
n
s
ti
tu
te
s 
a 
c
o
n
tr
ib
ut
io
n 
to
 t
he
 f
ie
ld
. 
W
he
n 
re
a
l 
da
ta
 i
np
ut
 
is
 u
n
w
ei
gh
te
d,
 
th
e 
c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
 i
s 
lo
w
, 
bu
t 
w
ei
gh
te
d 
v
a
lu
es
 r
ed
uc
e 
th
e 
c
o
rr
e
la
ti
on
 e
v
en
 
fu
rt
he
r.
 
A
 s
in
gl
e 
fa
ct
or
 w
e
ig
ht
in
g 
m
a
tr
ix
 (
pr
op
or
-
ti
on
 o
f 
th
e 
pe
ri
m
et
er
 i
n 
c
o
n
ta
ct
 w
ith
 a
dja
ce
nt 
c
e
ll
) 
gi
ve
s 
a 
lo
w
er
 
~o
rr
el
at
io
n 
th
an
· d
oe
s 
a 
co
m
pl
ex
 w
ei
~h
ti
ng
 s
ys
te
m
 <
pr
op
or
tio
n 
o
f 
pe
ri
m
et
er
 i
n 
c
o
n
ta
ct
 a
nd
 n
um
be
r 
o
f 
w
ag
e 
e
a
rn
e
rs
 
in
 a
 
c
e
ll
>.
 
Th
e 
in
ve
st
ig
at
io
n 
o
f 
th
e 
tr
ue
 n
a
tu
re
 o
f 
th
e 
w
e
ig
ht
s 
an
d 
th
ei
r 
o
pe
ra
tio
n 
in
 a
ff
ec
ti
ng
 t
he
 c
o
rr
e
la
ti
on
 c
o
e
ff
ic
ie
nt
, 
it
 w
as
 
fe
lt
, 
re
qu
ir
ed
 t
he
 
s
ki
ll
s 
o
f 
an
 
a
pp
lie
d 
m
a
th
em
at
ic
ia
" 
o
r 
s
ta
ti
st
ic
ia
n.
 
Ev
al
ua
tio
n 
o
f 
pa
tt
er
ns
 o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
W
he
n 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
sc
o
re
s 
fo
r 
a
ll
 r
a
c
e
 
gr
ou
ps
 a
re
 c
o
n
si
de
re
d 
15
6 
fo
r 
G
re
at
er
 C
ap
e 
To
wn
, 
th
e 
n
o
n
-w
hi
te
 p
op
ul
at
io
n 
te
nd
s 
to
 a
pp
ea
r 
a
s 
a 
si
ng
le
 l
ow
 s
o
c
io
-e
co
no
m
ic
 s
ta
tu
s 
gr
ou
p,
 a
lth
ou
gh
 s
om
e 
m
ea
su
re
 
o
f 
di
ff
er
en
ti
at
io
n 
m
ay
 b
e 
se
e
n
 
fo
r 
th
e 
w
hi
te
s.
 
SE
S 
sc
o
re
s 
fo
r 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
o
n
ly
, 
sh
ow
ed
 d
is
ti
nc
t 
so
c
io
-e
co
no
m
ic
 d
if
fe
re
nt
ia
-
tio
n 
(i
.e
. 
s
o
c
ia
l 
a
re
a
s 
o
f 
di
ff
er
in
g 
so
c
io
-e
co
no
m
ic
 s
ta
tu
s 
c
o
u
ld
 b
e 
id
en
ti
fi
ed
) 
in
 s
o
c
ia
l 
sp
ac
e.
 
R
es
ul
ts
 o
f 
th
e 
ap
pl
ic
at
~o
n 
to
 d
at
a 
o
f 
th
e 
C
li
ff
 &
 Or
d 
<
19
69
) 
a
u
to
-c
o
rr
el
at
io
n 
c
o
e
ff
ic
ie
nt
 i
nd
ic
at
e 
th
at
 
th
er
e 
is
 n
o 
s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
pa
tt
er
ns
 o
f 
di
ff
er
in
g 
so
c
io
-
ec
o
n
o
m
ic
 s
ta
tu
s 
w
hi
ch
 e
m
er
ge
 a
s 
a 
re
s
u
lt
 o
f 
m
ap
pi
ng
 s
o
c
io
-e
co
no
m
ic
 
s
ta
tu
s 
v
a
ri
ab
le
s 
(e
ith
er
 d
es
cr
ip
ti
ve
 s
ta
ti
st
ic
s 
o
r 
c
a
lc
ul
at
ed
 v
a
lu
es
>.
 
La
ck
 o
f 
s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
a
dja
ce
nt 
gr
ou
ps
 o
f 
c
e
ll
s 
o
f 
th
e 
sa
m
e 
so
c
io
-e
co
no
m
ic
 s
ta
tu
s 
ho
w
ev
er
, 
do
es
 n
o
t 
de
ny
 t
he
 e
x
is
te
nc
e 
o
f 
di
st
in
ct
 s
m
a
ll 
po
ck
et
s 
o
f 
ES
D
's 
o
f 
th
e 
sa
m
e 
so
c
io
-e
co
no
m
ic
 s
ta
tu
s 
w
ith
-
in
 t
he
 c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s.
 
In
 f
ac
t,
 
it
 s
ho
ws
 u
p 
th
e 
la
ck
 o
f 
s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
in
di
vi
du
al
 p
oc
ke
ts
 r
a
th
er
 t
ha
n 
id
en
tif
yi
ng
 
a 
s
it
ua
ti
on
 i
n 
w
hi
ch
 t
he
 s
ta
tu
s 
o
f 
e
a
c
h 
c
e
ll
 i
s 
li
ke
ly
 t
o 
be
 a
ff
ec
te
d 
by
 t
he
 s
ta
tu
s 
o
f 
it
s 
im
m
ed
ia
te
ly
 a
dj
ac
en
t c
e
ll
s,
 
i.
e.
 
th
e 
w
e
st
er
n 
no
rm
. 
Th
e 
in
ve
st
ig
at
io
n 
ha
s 
sh
ow
n 
th
at
 i
n 
th
is
 c
a
se
 
a
re
a
s 
w
hi
ch
 h
av
e 
re
c
o
g-
n
is
ed
 c
ha
ra
ct
er
is
ti
cs
 c
an
 
be
 
id
en
ti
fi
ed
 b
ut
 t
he
se
 a
re
 
lim
ite
d 
in
 
e
x
te
nt
 a
nd
 m
ay
 b
e 
di
st
in
ct
ly
 d
if
fe
re
nt
 f
ro
m
 t
he
ir
 s
u
rr
o
u
n
di
ng
s-
. 
An
 
in
ve
st
ig
at
io
n 
in
to
 t
he
 i
m
pl
ic
at
io
ns
 o
f 
th
es
e 
pa
tt
er
ns
 i
s 
th
er
ef
or
e 
re
qu
ir
ed
. 
Th
e 
fi
rs
t 
qu
es
tio
n 
w
hi
ch
 m
ay
 b
e 
ra
is
ed
 i
s 
w
he
th
er
 t
he
 p
at
te
rn
s 
a
re
 
a
ss
o
c
ia
te
d 
w
ith
 a
ny
 o
ff
ic
ia
ll
y 
de
lim
ite
d 
o
r 
c
o
n
c
e
pt
ua
liz
ed
 a
re
a
s 
su
ch
 
a
s 
su
bu
rb
s 
o
r 
n
e
ig
hb
ou
rh
oo
ds
. 
H
er
be
rt 
<
19
72
, 
p.
22
6)
 g
iv
es
 "
th
e 
c
la
ss
ic
 d
es
cr
ip
ti
on
 o
f 
a 
n
ei
gh
bo
ur
ho
od
" 
a
s 
"
an
 
a~
re
a 
in
 w
hi
ch
 t
he
 
re
sl
de
nt
s 
a
re
 
pe
rs
on
al
ly
 w
e
ll 
a
c
qu
ai
nt
ed
 w
ith
 e
a
c
h 
o
th
er
, 
an
d 
a
re
 
in
 
th
e 
ha
bi
t 
6f
 v
is
it
in
g 
o
n
e 
a
n
o
th
er
 o
r 
ex
ch
an
gi
ng
 a
rt
ic
le
s 
an
d 
s
e
rv
ic
es
 
an
d,
 
in
 g
en
er
al
, 
o
f 
do
in
g 
th
·in
gs
 t
og
et
he
r"
. 
He
 d
oe
s 
ho
w
ev
er
, 
go
 o
n 
to
 m
en
tio
n 
so
m
e 
qu
al
if
ic
at
io
ns
 w
hi
ch
 m
u
st
 
be
 m
ad
e 
re
ga
rd
in
g 
th
is
 
de
fi
ni
ti
on
, 
ra
m
el
y 
th
at
 t
he
 c
o
n
c
e
pt
 o
f 
"
n
ei
gh
bo
ur
ho
od
" 
di
ff
er
s 
fo
r 
th
e 
po
pu
la
tio
n 
co
n
ce
rn
ed
 d
ep
en
di
ng
 o
n 
di
ff
er
en
ce
s 
be
tw
ee
n 
ag
e 
gr
ou
ps
; 
be
tw
ee
n 
lo
ca
ls
 a
nd
 n
o
n
-l
oc
al
s;
 
be
tw
ee
n 
s
o
c
ia
l 
c
la
ss
es
; 
as
 
w
e
ll 
as
 
th
e 
15
7 
e
ff
ec
t 
o
f 
in
cr
ea
si
ng
 m
o
bi
li
ty
 o
v
e
r 
ti
m
e 
a
n
d 
a
ls
o 
th
e 
s
c
a
le
 
a
t 
w
hi
ch
 t
he
 n
ei
gh
bo
ur
ho
od
 i
s 
c
o
n
c
e
iv
ed
, 
i.
e.
 a
re
a
, 
c
o
n
fi
gu
ra
tio
n 
an
d 
.
 
po
pu
la
tio
n 
s
iz
e 
<
H
er
be
rt,
 
19
72
). 
On
 t
he
 b
as
is
 o
f 
su
ch
 c
ha
ra
ct
er
is
ti
cs
, 
.
 
th
e 
gr
ou
ps
 o
f 
ES
D'
s 
id
en
ti
fi
ed
 i
n-
th
e 
st
ud
y 
a
re
a
 c
a
n
n
o
t 
be
 c
o
n
si
de
re
d 
as
 
n
ei
gh
bo
ur
ho
od
s. 
In
fo
rm
at
io
n 
is
 n
o
t 
a
v
a
il
ab
le
 o
n 
th
e 
re
qu
ir
ed
 s
c
a
le
 
as
 
th
e 
a
v
e
ra
ge
 p
op
ul
at
io
n 
s
iz
e 
o
fE
SD
's
 I
n 
th
e 
st
ud
y 
a
re
a
 
(a
pp
ro
xi
ma
tel
y 
90
0) 
pr
ec
lu
de
s 
in
te
ra
ct
io
n 
am
on
g 
a
ll
 i
nd
iv
id
ua
ls
 o
f 
an
 
ES
D;
 
ev
en
 
in
di
vi
du
al
 E
SD
's 
a
re
 
in
m
an
y 
c
a
se
s 
la
rg
er
 t
ha
n 
n
ei
gh
bo
ur
ho
od
s. 
Th
e 
c
o
n
c
e
pt
 o
f 
"
su
bu
rb
",
 l
ik
e 
th
at
 o
f 
"
n
ei
gh
bo
ur
ho
od
" 
ha
s 
so
c
ia
l 
im
pl
i-
c
a
ti
on
s.
 
A
 su
bu
rb
 i
s 
a 
re
s
id
en
ti
al
 a
re
a
 
po
ss
es
se
d 
o
f 
a 
gr
ea
te
r 
o
r 
sm
a
lle
r 
nu
m
be
r 
o
f 
fa
ci
li
ti
es
 o
r 
se
rv
ic
es
, 
an
d 
in
 w
hi
ch
 c
e
rt
ai
n 
so
c
ia
l 
c
ha
ra
ct
er
is
ti
cs
 a
re
 e
x
pr
es
se
d 
in
 v
a
ri
ou
s 
fo
rm
s. 
Th
es
e 
~h
ar
ac
te
ri
st
ic
s 
u
su
a
lly
 i
nc
lu
de
 s
u
ch
 t
an
gi
bl
es
 a
s 
ho
us
in
g 
ty
pe
 a
nd
 o
th
er
 s
ta
tu
s 
sy
m
bo
ls 
e
.g
. 
c
a
r,
 
te
le
vi
si
on
; 
as
 
w
el
l 
as
 
th
e 
in
ta
ng
ib
le
s 
su
ch
 a
s 
li
fe
st
yl
e,
 
st
an
da
rd
 o
f 
li
vi
ng
 a
nd
 a
sp
ir
at
io
ns
 <
H
ar
ve
y,
 
19
75
>.
 
G
en
er
al
ly
, 
pe
op
le
 
o
f 
si
m
il
ar
 s
o
c
ia
l 
s
ta
tu
s 
lo
ca
te
 i
n 
a
re
a
s 
w
hi
ch
 r
e
fl
ec
t 
th
e 
ch
~r
ac
te
r­
is
ti
cs
 t
o 
w
hi
ch
 t
he
y 
a
s
pi
re
. 
Po
pu
la
tio
ns
 t
hu
s. 
te
nd
 t
o 
id
en
tif
y 
w
ith
 
th
e 
c
ha
ra
ct
er
 o
f 
a 
pa
rt
ic
ul
ar
 s
u
bu
rb
 a
nd
 t
o 
a
tt
em
pt
 t
o 
pr
es
er
ve
 t
hi
s.
 
In
 t
he
 e
n
ti
re
 s
tu
dy
 a
re
a
, 
se
v
en
 
su
bu
rb
s,
 g
en
er
al
ly
 t
he
 s
m
a
lle
r 
o
n
es
 
bu
t 
re
pr
es
en
ta
ti
ve
 o
f 
25
% 
o
f 
th
e 
to
ta
l,
 c
o
rr
e
sp
on
d 
w
ith
 E
SD
's 
gr
ou
pe
d 
I 
to
ge
th
er
 o
n'
 t
he
 '6
as
rs
-o
f 
m
od
al 
c
la
ss
. 
W
he
n 
th
e 
re
s
u
lt
s 
o
f 
o
th
er
 
gr
ou
pi
ng
 t
ec
hn
iq
ue
s,
 
i.
e.
 c
lu
st
er
s 
a
re
 m
ap
pe
d, 
th
e 
a
ss
o
c
ia
ti
on
 b
et
w
ee
n 
a 
pa
rt
ic
ul
ar
 s
o
c
ia
l 
s
ta
tu
s 
an
d 
th
e 
sm
a
lle
r 
su
bu
rb
s 
is
 e
v
id
en
t 
in
 a
ll
 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
ns
 e
x
c
e
pt
 t
he
 n
o
rt
he
rn
 s
u
bu
rb
s.
 
In
 t
he
 s
o
u
th
er
n 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n 
th
e 
a
dja
ce
nt 
su
bu
rb
s 
o
f 
H
ea
th
-
fi
el
d 
an
d 
So
ut
hf
ie
ld
 <
Fi
gu
re
 1
> 
to
ge
th
er
 c
o
m
pr
is
e 
fi
ve
 E
SD
's 
o
f 
m
od
al 
c
la
ss
 7
0 
-
79
. 
Th
is
 p
re
se
nt
s 
a 
m
ar
ke
d 
c
o
n
tr
as
t 
to
 t
he
 s
u
rr
o
u
n
di
ng
 
a
re
a
 
an
d 
bo
th
 t
he
 s
o
c
ia
l 
a
re
a
 
an
d 
th
e 
su
bu
rb
s 
fo
rm
 a
 
di
st
in
ct
 i
sl
an
d.
 
In
 d
ir
ec
t 
c
o
n
tr
as
t 
th
e 
th
re
e 
ES
D'
s 
o
f 
La
ve
nd
ar
 H
il
l 
fa
ll
 
in
to
 m
od
al 
c
la
ss
 
30
 -
39
 a
nd
 a
re
 o
f 
lo
w
er
 s
o
c
ia
l 
s
ta
tu
s 
th
an
 t
he
 s
u
rr
o
u
n
di
ng
 E
SD
's.
 
Fi
ve
 s
e
pa
ra
te
 s
u
bu
rb
s,
 L
an
sd
ow
ne
f 
W
et
to
n,
 H
an
ov
er
 P
ar
k 
an
d 
V
an
gu
ar
d 
in
 t
he
 c
e
n
tr
al
 c
o
n
c
e
n
tr
at
io
n 
ea
ch
 c
o
n
si
st
 o
f 
a 
gr
ou
p 
o
f 
ES
D
's 
o
f 
m
od
al 
c
la
ss
 7
0 
-
79
. 
A
ga
in
 t
he
se
 a
re
 
in
 m
ar
ke
d 
c
o
n
tr
as
t 
to
 t
he
 s
u
rr
o
u
n
di
ng
 
15
8 
a
re
a
. 
K
al
ks
te
en
fo
nt
ei
n 
<w
hic
h 
c
o
n
si
st
s 
o
f 
o
n
ly
 t
w
o 
ES
D
's) 
ha
s 
a 
m
od
al 
c
la
ss
 o
f 
40
 -
49
. 
Fi
na
ll
y,
 M
at
ro
os
fo
nt
ei
n 
in
 t
he
 e
a
st
er
n 
su
b-
u
rb
s 
fo
rm
s 
a 
bl
oc
k 
o
f 
fi
ve
 c
o
n
tig
uo
us
 E
SD
's 
o
f 
m
od
al 
c
la
ss
 5
0 
-
59
. 
Th
e 
la
tt
er
 t
w
o 
su
bu
rb
s 
a
re
 
n
o
t 
o
f 
di
st
in
ct
ly
 d
if
fe
re
nt
 s
o
ci
o-
ec
on
om
ic
 
s
ta
tu
s 
fro
m
 t
he
 s
u
rr
o
u
n
di
ng
 E
SD
's.
 
Th
ey
 a
re
 
n
e
v
e
rt
he
le
ss
 a
ll
 o
f 
th
e 
sa
m
e 
s
ta
tu
s 
an
d 
a
re
 
ge
ne
ra
lly
 a
t 
le
as
t 
o
n
e 
pe
rc
en
ti
le
 h
ig
he
r 
th
an
 
th
ei
r 
a
dja
ce
nt 
c
e
ll
s.
 
So
ci
al
 a
re
a
s 
de
fi
ne
d 
fo
r 
c
o
lo
ur
ed
s 
ca
n
 
th
us
 
fi
nd
 e
xp
re
ss
io
~ 
in
 o
ff
ic
ia
ll
y 
de
si
gn
at
ed
 a
re
a
s.
 
A
lth
ou
gh
 i
t 
is
 
po
ss
ib
le
 t
o 
id
en
tif
y 
di
ff
er
en
t 
a
re
a
s,
 
th
er
e 
is
 a
 
n
ee
d 
fo
r 
a 
st
ud
y 
o
f 
a
tt
it
ud
es
, 
ph
ys
ic
al
 s
ta
tu
s 
c
ha
ra
ct
er
is
ti
cs
 a
nd
 a
c
c
e
ss
 
to
 f
ac
il
it
ie
s 
in
 t
he
 d
if
fe
re
nt
 a
re
a
s 
in
 o
rd
er
 t
o 
a
ss
e
ss
 
th
e 
c
o
n
tr
as
t 
be
tw
ee
n 
u
pp
er
 a
nd
 
lo
w
er
 s
ta
tu
s 
gr
ou
ps
. 
As
 p
at
te
rn
s 
o
f 
di
ff
er
en
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
ca
n
 
de
fi
ni
te
ly
 b
e 
re
c
o
gn
is
ed
 i
n 
so
c
ia
l 
sp
ac
e 
an
d 
m
ay
 a
ls
o 
be
 
re
f~
ct
ed
 
in
 p
hy
si
ca
l 
sp
ac
e,
 t
he
 h
yp
ot
he
si
s 
th
at
 i
n 
a 
w
el
l 
de
fi
ne
d 
e
th
ni
c 
gr
ou
p 
w
ith
in
 a
 
so
c
ie
ty
, 
so
c
ia
l 
di
ff
er
en
ce
s 
pa
ra
ll
el
li
ng
 t
ho
se
 o
f 
th
e 
c
o
re
 g
ro
up
 m
ay
 b
e 
id
en
ti
fi
ed
 <
Ti
mm
s, 
19
71
) 
te
nd
s 
to
 b
e 
a
t 
Le
as
t 
pa
rt
ly
 s
u
bs
ta
nt
ia
te
d.
 
W
he
re 
c
o
n
tig
uo
us
 c
e
ll
s 
a
re
 
n
o
t 
n
e
c
e
ss
a
ri
ly
 c
o
n
ta
in
ed
 b
y 
th
e 
bo
un
da
rie
s 
o
f 
su
bu
rb
s,
 t
he
y 
m
ay
 s
tr
et
ch
 i
nt
o 
a
dja
ce
nt 
su
bu
rb
s 
bu
t 
n
o
t 
c
o
v
e
r 
the
m
 
c
o
m
pl
et
el
y,
 e
.g
. 
fro
m
 t
he
 L
an
sd
ow
ne
 g
ro
up
 
in
to
 t
he
 A
th
lo
ne
 a
re
a
. 
In
 
o
th
er
 c
a
se
s,
 
e
.g
. 
B
on
te
he
uw
el
, 
G
ra
ss
y 
Pa
rk
 a
nd
 M
an
en
be
rg
, 
a 
su
bu
rb
 m
ay
 
c
o
n
ta
in
 s
e
v
e
ra
l 
di
ff
er
en
t 
gr
ou
ps
. 
Fo
r 
th
e 
m
os
t 
pa
rt
 t
he
n,
 s
u
bu
rb
s 
an
d 
gr
ou
ps
 o
f 
c
o
n
tig
uo
us
 E
SD
's 
a
re
 
n
o
t 
c
o
in
ci
de
nt
. 
As
 d
is
ti
nc
t 
a
re
a
s 
o
f 
th
e 
sa
m
e 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
ca
n
 
be
 
id
en
ti
fi
ed
 a
nd
 a
re
 
in
 s
om
e 
c
a
se
s 
a
ss
o
c
ia
te
d 
w
ith
 o
n
e 
a
n
o
th
er
, 
th
is
 m
ay
 b
e 
a 
u
se
fu
l 
ba
se
 o
n 
w
hi
ch
 
to
 c
re
a
te
 a
 
u
n
ity
 w
ith
in
 t
he
 c
o
lo
ur
ed
 g
ro
up
 a
nd
 t
o 
in
vo
lv
e 
th
e 
pe
op
le
 
w
ith
 t
he
ir
 o
w
n 
en
v
iro
nm
en
t. 
In
 m
or
e 
ge
ne
ra
l 
te
rm
s 
pa
tt
er
ns
 w
hi
ch
 r
e
s
u
lt
 f
ro
m
 t
he
 m
ap
pi
ng
 o
f 
e
it
he
r 
de
sc
ri
pt
iv
e 
s
ta
ti
st
ic
s 
o
r 
c
a
lc
ul
at
ed
 v
a
lu
es
 a
pp
ea
r 
to
 s
ho
w 
a 
de
cr
ea
se
 
in
 s
c
o
re
s 
fro
m
 w
es
t 
to
 e
a
s
t 
in
 e
ac
h 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n.
 
Th
is
 
tr
en
d 
a
pp
ea
rs
 i
n 
th
e 
m
ap
pi
ng
 o
f 
m
ea
n
s,
 
m
od
al 
c
la
ss
 v
a
lu
es
 o
r 
o
f 
c
lu
st
er
 v
a
lu
es
 f
or
 e
ac
h 
re
s
id
en
ti
al
 c
o
n
c
e
n
tr
at
io
n 
a
t 
th
e 
70
% 
le
ve
l 
o
f 
s
im
il
ar
it
y 
an
d 
ev
en
 
w
ith
 o
v
e
ra
ll
 c
lu
st
er
 m
ap
pi
ng
. 
Th
e 
c
o
lo
ur
ed
 
·
-
.
: 
.
.
 
.
 
.
 
.
 
.
 ·
 
15
9 
Gr
ou
p 
A
re
as
 a
re
 
le
ga
ll
y 
de
fin
ed
 a
nd
 a
re
 o
ff
ic
ia
ll
y 
c
o
n
si
de
re
d 
to
 b
e 
co
m
pl
et
el
y 
se
pa
ra
te
 f
ro
m
 t
he
ir
 s
u
rr
o
u
n
di
ng
 a
re
a
s.
 
Th
ei
r 
bo
un
da
rie
s 
w
er
e 
th
er
ef
or
e 
c
o
n
si
de
re
d 
a
s 
"
re
a
l"
 f
or
 t
he
 p
ur
po
se
 o
f 
th
is
 s
tu
dy
. 
' 
/ 
Se
en
 
in
 t
he
 l
ig
ht
 o
f 
in
te
ra
ct
io
n 
w
ith
 a
nd
 e
ff
ec
t 
on
 
th
e 
s
ta
tu
s 
o
f 
a
dja
ce
nt 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s 
ho
w
ev
er
, 
th
e 
bo
un
da
rie
s 
ca
n
n
o
t 
be
 c
o
n
si
de
re
d 
as
 
su
ch
. 
Co
nt
ac
t 
w
ith
 w
hi
te
, 
in
du
st
ri
al
 o
r 
fa
rm
in
g 
a
re
a
s 
a
pp
ea
rs
 t
o 
ha
ve
 s
om
e 
in
fl
ue
nc
e 
on
 
th
e 
so
c
ia
l 
s
ta
tu
s 
in
 a
dja
ce
nt 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s.
 
In
 t
he
 s
o
u
th
er
n 
su
bu
rb
s,
 a
v
e
ra
ge
 S
ES
 
,
sc
o
re
s 
a
re
 
hi
gh
er
 o
n 
th
e 
co
n
v
ex
 
o
r 
n
o
rt
hw
es
te
rn
 s
id
e 
o
f 
th
e 
a
re
a
, 
<w
hi
ch
 
is
 a
dja
ce
nt 
to
 a
 
w
hi
te
 r
e
s
id
en
ti
al
 z
o
n
e,
 
se
e
 
Fi
g.
 3
.6
) 
th
an
 i
n 
th
e 
so
u
th
 e
as
te
rt
"l
 s
e
c
tio
n 
w
he
re
 t
he
 a
dja
ce
nt 
a
re
a
 
is
 o
n
e 
o
f 
sm
a
ll-
ho
ld
in
gs
 a
nd
 f
ar
m
s. 
M
od
al 
c
la
ss
 a
nd
 c
lu
st
er
 m
ap
pi
ng
 s
ho
w 
pl
at
ea
ux
 
o
f 
m
ed
ium
 t
o 
hi
gh
 s
o
c
ia
l 
s
ta
tu
s 
in
 t
he
 s
am
e 
a
re
a
s 
<
se
e 
Fi
gu
re
s 
3.
11
, 
3.
12
, 
3.
21
, 
3.
26
 &
 3.
27
>.
 
Th
e 
c
e
n
tr
al
 s
u
bu
rb
s 
sh
ow
 a
 
si
m
il
ar
 t
re
nd
 
<
Fi
gu
re
 3
.4
>.
 
A
ve
ra
ge
 S
ES
 s
c
o
re
s 
in
 t
he
 w
e
st
er
n 
se
c
ti
on
 o
f 
th
e 
a
re
a
, 
bo
rd
er
in
g 
on
 
w
hi
te
 r
e
s
id
en
ti
al
 s
u
bu
rb
s 
a
re
 
hi
gh
, 
an
d 
de
cr
ea
se
 e
a
s
t-
w
ar
ds
 w
he
re
 t
he
 a
re
a
 
is
 b
or
de
re
d 
by
 f
ar
m
la
nd
 a
nd
 u
n
de
ve
lo
pe
d 
pr
op
er
ty
 
an
d 
o
th
er
 c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s.
 
M
od
al 
c
la
ss
 p
at
te
rn
s 
an
d 
c
lu
st
er
 m
ap
pi
ng
 <
Fi
gu
re
s 
3.
9,
 3
. 1
2,
 
3.
 1
9, 
3.
24
 &
 3.
27
> 
a
ga
in
 c
o
n
fir
m
 
th
es
e 
tr
en
ds
 a
s 
a 
pl
at
ea
u 
o
f 
hi
gh
 t
o 
m
ed
ium
 s
ta
tu
s 
o
c
c
u
rs
 
in
 t
he
 w
es
t 
an
d 
s
ta
tu
s 
th
en
 g
en
er
al
ly
 d
ec
re
as
es
 e
a
st
w
ar
ds
. 
Th
e 
e
a
st
er
n 
su
bu
rb
s 
su
rr
o
u
n
de
d 
by
 
in
du
st
ri
al
 l
an
d 
o
r 
o
pe
n 
sp
ac
e,
 s
ho
w 
a 
tr
en
d 
o
fg
en
er
al
ly
-
lo
w
-a
ve
ra
ge
-S
ES
-s
co
re
s 
(F
ig
ur
e 
3.
5>
 w
hi
ch
 
is
 c
o
n
fir
m
ed
 y
et
 a
ga
in
 b
y 
m
od
al 
c
la
ss
 a
nd
 c
lu
st
er
 m
ap
pi
ng
 <
Fi
gu
re
s 
:3
.1
0,
 
3,
12
, 
3.
20
, 
3.:
"2
5 
1!. 
'3
.2
7>
. 
Th
e 
fu
rt
he
r 
po
st
ul
at
e 
by
 T
im
ms
 (
 19
71
) 
th
at
 r
e
s
id
en
ti
al
 a
re
a
s 
o
f 
th
e 
e
th
ni
c 
gr
ou
p 
a
dja
ce
nt 
to
 r
e
s
id
en
ti
al
 a
re
a
s 
o
f 
th
e 
c
o
re
 
gr
ou
p 
sh
ow
 
hi
gh
er
 s
ta
tu
s 
th
an
 t
ho
se
 n
o
n
-a
dja
ce
nt,
 i
s 
c
le
ar
ly
 b
or
ne
 o
u
t.
 
It
 m
ay
 b
e 
co
n
cl
ud
ed
 t
h~
t 
th
~ 
c
o
lo
ur
ed
s 
do
 n
o
t 
fo
rm
 a
 
s
in
gl
e 
low
 s
ta
tu
s 
gr
ou
p,
 b
ut
 r
a
th
er
 a
 
su
b 
gr
ou
p 
w
ith
in
 w
hi
ch
 s
o
c
ia
l 
s
tr
at
if
ic
at
io
n 
ha
s 
ta
ke
n 
pl
ac
e.
 
Th
is
 i
s 
co
m
pa
ra
bl
e 
w
ith
 A
bu
 L
ug
ho
d's
 <
19
69
> 
fi
nd
in
gs
 
o
f 
so
c
ia
l 
s
tr
at
if
ic
at
io
n 
w
ith
in
 a
 
n
o
n
-w
es
te
rn
 c
it
y,
 
i.
e.
 C
ai
ro
, 
w
hi
ch
 
c
le
ar
ly
 m
irr
or
ed
 t
ha
t 
fo
un
d 
in
 w
es
te
rn
 s
o
c
ie
ty
 b
ut
 h
ad
 n
o 
s
pa
ti
al
 
di
m
en
si
on
. 
So
ci
al
 a
re
a
s 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
o
f 
G
re
at
er
 C
ap
e 
Tq
wn
 h
av
~ 
be
en
 i
de
nt
if
ie
d 
by
 m
ea
ns
 
o
f 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
sc
o
re
s.
 
16
0 
No
 b
od
y 
o
f 
th
eo
ry
 e
x
is
ts
 a
s 
a 
fra
m
ew
or
k 
e
it
he
r 
fo
r 
de
vi
si
ng
 o
r 
a
ss
e
ss
-
in
g 
th
e 
re
pr
es
en
ta
tiv
en
es
s 
o
f 
a 
so
c
ia
l 
in
di
ca
to
r 
o
f 
th
is
 t
yp
e.
 
Ho
w-
e
v
e
r 
it
 w
as
 
de
ci
de
d 
th
at
 a
s 
so
c
ia
l 
in
di
ca
to
rs
 s
ho
ul
d 
be
 s
ee
n
 
as
 
to
ol
s 
to
 b
e 
em
pl
oy
ed
 f
or
 d
es
cr
ib
in
g 
a
n
d/
or
 e
v
a
lu
at
in
g 
th
e 
so
c
ia
l 
s
ta
te
 o
r 
c
o
n
di
tio
ns
 o
f 
a 
so
c
ie
ty
, 
th
ey
 w
ill
 b
e 
de
fin
ed
 i
n 
di
ff
er
en
t 
w
ay
s, 
de
pe
nd
in
g 
on
 
th
e 
re
qu
ire
m
en
ts
 o
f 
th
e 
re
se
a
rc
he
r 
an
d 
th
e 
s
pe
ci
fi
c 
pr
ob
le
m
. 
In
 s
e
le
ct
in
g 
SE
S 
sc
o
re
s 
th
e 
c
ri
te
ri
a 
fo
r 
th
e 
fo
rm
ul
at
io
n 
o
f 
so
c
ia
l 
in
-
di
ca
to
rs
 w
er
e 
m
et
 
an
d 
th
e 
in
di
ca
to
rs
 a
nd
 s
pe
ci
fi
ca
ti
on
s 
fo
r 
th
ei
r 
u
se
 
w
er
e 
de
fi
ne
d.
 
Th
e 
u
se
 o
f 
SE
S 
sc
o
re
s 
fo
r 
th
is
 s
tu
dy
 o
v
er
co
m
es
 
se
v
e
ra
l 
pr
ob
le
m
s 
re
la
te
d 
to
 d
ef
in
it
io
n 
an
d 
u
se
 o
f 
so
c
ia
l 
in
di
ca
to
rs
. 
Si
nc
e 
th
e 
sc
o
re
s 
ha
ve
 b
ee
n 
de
riv
ed
 s
e
pa
ra
te
ly
 f
or
 w
hi
te
s,
 c
o
lo
ur
ed
s 
an
d 
A
si
an
s 
a
s 
w
el
l 
as
 
fo
r 
a
ll
 r
a
c
e
 
gr
ou
ps
 c
o
m
bi
ne
d,
 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
ca
n
 
be
 s
ee
n
 
a
s 
an
 
e
n
ti
ty
 r
a
th
er
 t
ha
n 
a 
si
ng
le
 s
tr
at
um
. 
ge
ne
ra
lly
 l
ow
 s
o
c
io
-
ec
o
n
o
m
ic 
gr
ou
p.
 
Se
co
nd
ly
, 
th
e 
sc
o
re
s 
a
re
 
a 
co
m
bi
na
tio
n 
o
f 
s
ta
ti
st
ic
s 
on
 
in
co
m
e, 
e
du
ca
tio
n 
an
d 
o
c
c
u
pa
tio
n.
 
rh
ey
 a
re
 
th
us
 c
o
m
po
si
te
 i
nd
i-
c
a
to
rs
 a
nd
 o
v
er
co
m
e 
th
e 
in
he
re
nt
 b
ia
s 
o
f 
a 
si
ng
le
 f
ac
to
r 
in
di
ca
to
r,
 
Th
ir
dl
y,
 t
he
 m
an
ne
r 
in
 ~
hi
ch
 t
he
y 
a
re
 d
er
iv
ed
 e
n
su
re
s 
a 
n
or
m
al 
di
st
ri
-
bu
tio
n 
o
f 
in
di
vi
du
al
s 
in
 t
he
 p
op
ul
at
io
n 
ov
e~
 t
he
 r
an
ge
 o
f 
po
ss
ib
le
 
sc
o
re
s.
 
Th
e 
th
re
e 
In
de
xe
s 
a
re
 
a
v
a
il
ab
le
 f
ro
m
 t
he
 c
en
su
s 
da
ta
 a
nd
 
a
re
 
th
us
 e
a
s
il
y 
qu
an
ti
fi
ab
le
. 
Th
es
e 
SE
S 
sc
o
re
s 
th
us
 c
o
n
fo
rm
 t
o 
re
qu
ire
m
en
ts
 f
or
 a
c
c
e
pt
ab
le
 a
nd
 v
a
lid
 s
o
c
ia
l 
in
di
ca
to
rs
. 
Ed
uc
at
io
n,
 
o
c
c
u
pa
tio
n 
an
d 
inc
om
e 
a
re
 
a
ls
o 
ge
ne
ra
lly
 r
eg
ar
de
d 
as
 
v
a
lid
 i
nd
ic
at
or
s 
bo
th
 i
nd
iv
id
ua
lly
 a
nd
 
in
 c
o
m
bi
na
tio
n 
<
Sm
ith
, 
19
73
; 
Kn
ox
, 
19
75
>.
 
Fi
na
ll
y,
 S
ES
 s
c
o
re
s 
a
re
 
th
e 
be
st
 a
v
a
il
ab
le
 i
nd
ic
at
or
s 
on
 
w
hi
ch
 t
o 
a
ss
e
ss
 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
w
ith
in
 t
he
 c
o
lo
ur
ed
 p
op
ul
at
io
n.
 
O
th
er
 
in
di
ca
to
rs
 a
v
a
il
ab
le
 (
re
sid
en
tia
l 
o
r 
fa
m
ily
 s
ta
tu
s 
in
di
ca
to
rs
) 
w
er
e 
re
ga
rd
ed
 a
s 
in
ap
pr
op
ri
at
e,
 
In
 t
he
 c
a
se
 o
f 
th
e 
fo
rm
er
, 
in
fo
rm
at
io
n 
on
 
ho
us
in
g 
w
as
 
in
ad
eq
ua
te
 a
nd
 t
he
 a
c
u
te
 h
ou
sin
g 
sh
or
ta
ge
 g
iv
es
 r
is
e 
to
 a
rt
if
ic
ia
ll
y 
hi
gh
 p
op
ul
at
io
n 
de
ns
it
ie
s;
 
w
hi
le
 f
or
 t
he
 l
at
te
r 
th
e 
c
e
il
in
g 
on
 
in
co
m
es
 f
or
 c
o
lo
ur
ed
s,
 j
ob
 r
e
se
rv
a
tio
n 
an
d 
lim
ite
,d
 a
v
a
il
a-
bi
li
ty
 a
nd
 a
c
c
e
ss
 
to
 e
du
ca
tio
n 
m
ak
e 
th
es
e 
in
di
ca
to
rs
 m
ea
n
in
gf
ul
 o
n
ly
 
w
he
n 
se
en
 
in
 c
o
m
bi
na
tio
n 
w
ith
 s
om
e 
an
d 
re
la
te
d 
to
 a
ll
 o
f 
th
e 
pr
ev
io
us
ly
 
m
en
tio
ne
d 
v
a
ri
ab
le
s.
 
1. 
16
1 
A
 p
oi
nt
 o
f 
co
n
ce
rn
 
w
ith
 r
e
ga
rd
 t
o 
th
e 
u
se
 o
f 
SE
S 
sc
o
re
s 
as
 
in
di
ca
to
rs
, 
ho
w
ev
er
, 
is
 t
he
 f
ac
t 
th
at
 t
he
 t
hr
ee
 i
nd
ex
es
 a
re
 
c
lo
se
ly
 r
e
la
te
d 
an
d 
in
ex
tr
ic
ab
ly
 l
in
ke
d.
 
Th
is
 f
ac
t 
le
ad
s 
to
 t
he
 c
o
n
si
de
ra
tio
n 
o
f 
w
he
th
er
 
SE
S 
sc
o
re
s 
a
re
 
th
er
ef
or
e 
tr
ul
y 
so
ci
o-
ec
on
om
ic
 i
nd
ic
at
or
s 
o
r 
m
er
el
y 
ec
on
om
ic 
o
n
es
. 
St
em
m
ing
 f
ro
m
 t
hi
s 
is
 t
he
 r
e
a
li
za
ti
on
 t
ha
t 
SE
S 
sc
o
re
s 
do
 n
o
t 
re
v
e
a
l 
m
uc
h 
ab
ou
t 
so
c
ia
l 
e
v
a
lu
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
a-
tio
n 
gr
ou
p.
 
SE
S 
sc
o
re
s 
a
re
 d
er
iv
ed
 o
n 
th
e 
ba
si
s 
o
f 
w
hi
te
 e
v
a
lu
at
io
n 
o
f 
so
ci
a~
 s
ta
tu
s.
 
Th
er
e 
is
 n
o 
in
di
ca
tio
n 
o
f 
w
ha
t 
th
e 
c
o
lo
ur
ed
 
e
v
a
lu
at
io
n 
o
f 
so
ci
.a
l 
s
ta
tu
s 
is
. 
An
 e
x
am
pl
e:
 
a 
c
o
lo
ur
ed
 m
ale
 w
ho
 i
s 
em
pl
oy
ed
 a
s 
a 
c
le
an
er
 m
ay
 e
n
joy
 a
 
hi
gh
 s
o
c
ia
l 
s
ta
tu
s 
be
ca
us
e 
hi
s 
w
ife
 
is
 a
 
qu
al
if
ie
d 
n
u
rs
in
g 
s
is
te
r.
 
Th
is
 ~
ug
ge
st
s 
a 
di
ff
er
en
t 
e
v
a
lu
at
io
n 
o
f 
so
c
ia
l 
s
ta
tu
s 
fro
m
 t
he
 w
hi
te
. 
Fu
rt
he
r 
st
ud
y 
o
f 
so
c
ia
l 
a
tt
it
ud
es
 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
is
 t
he
re
fo
re
 c
a
ll
ed
 f
or
 a
s 
th
is
 i
s 
n
o
t 
ta
ke
n 
in
to
 c
o
n
si
de
ra
tio
n 
by
 S
ES
 s
c
o
re
s 
(t
h~
 b
es
t 
a
v
a
il
ab
le
 s
o
c
ia
l 
in
di
ca
to
rs
) 
an
d 
th
er
ef
or
e 
oy
 t
hi
s 
st
ud
y,
 
Al
th
9u
~h
 t
hi
s 
m
ay
 b
e 
co
n
-
si
de
re
d 
as
 
a 
sh
or
tc
om
in
g 
o
f 
th
e 
re
se
a
rc
h,
 s
in
ce
 o
bv
io
us
ly
 p
at
te
rn
s 
o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
w
ill
 b
e 
in
flu
en
ce
d 
by
 i
t,
 d
er
iv
at
io
n 
o
f 
a 
m
or
e 
re
pr
es
en
ta
tiv
e 
in
di
ca
to
r 
w
as
 
n
o
t 
w
ith
in
 t
he
 s
c~
pe
 o
f 
th
e 
re
se
9r
ch
. 
Th
e 
aim
 o
f 
th
e 
pr
oj
e~
t 
w
as
 
to
 a
ss
e
ss
 
pa
tt
er
ns
 o
f 
so
c
ia
l 
di
ff
er
en
ti
a-
tio
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
u
si
ng
 t
he
 b
es
t 
av
ai
la
~l
e 
in
di
ca
to
r,
 
i.
e,
 
SE
S 
sc
o
re
s.
 
Th
is
 s
tu
dy
 t
he
re
fo
re
 p
oi
nt
s 
to
 t
he
 d
ir
ec
tio
n 
w
hi
ch
 s
ho
ul
d 
be
 t
ak
en
 
fo
r 
a 
c
o
n
tr
ib
ut
io
n 
to
 s
o
c
ia
l 
th
eo
ry
 i
n 
a 
mu
lt
i~
ra
ci
al
 s
o
c
ie
ty
 <
vi
z.
 
th
e 
de
ri
va
tio
n 
o
f 
an
 
es
se
nt
i~
lL
y 
so
ci
o-
ec
on
om
ic
 o
r 
so
c
ia
l 
in
di
ca
to
r 
re
fl
ec
ti
ng
 s
o
c
ia
l 
~t
ti
tu
de
s 
an
d 
e
v
a
lu
at
io
n 
fro
m
 t
he
 c
o
lo
ur
ed
 p
oi
nt
 o
f 
v
iew
) 
an
d 
th
e 
pr
oc
es
se
? 
w
hi
ch
 l
e~
d 
to
 s
o
c
ia
l 
di
ff
er
en
ti
at
io
n 
am
on
g 
th
es
e 
pe
op
le
. 
A
 p
os
si
bl
e 
c
o
u
rs
e
 o
f 
a
c
tio
n 
he
re
 w
ou
ld 
be
 t
he
 a
pp
li
-
c
a
tio
n 
o
f 
m
u
lt
i-
va
ri
at
e 
o
r 
fa
ct
or
 a
n
a
ly
si
s 
to
 g
en
er
at
e 
fa
ct
or
s 
w
hi
ch
 
m
ig
ht
 b
e 
o
f 
a
ss
is
ta
nc
e 
in
 r
e
c
o
gn
is
in
g 
v
a
lid
 s
o
c
ia
l 
ir'
td
ic
at
or
s 
an
d 
po
in
t 
to
 s
o
c
ia
l 
pr
oc
es
se
s 
o
pe
ra
tiv
e 
in
 d
is
tin
gu
is
hi
ng
 s
o
c
ia
l 
c
la
ss
es
. 
Th
e 
id
en
ti
fi
ca
ti
on
 o
f 
pa
tt
er
ns
 o
f 
di
ff
er
in
g 
so
~i
o-
ec
on
om
ic
 s
ta
tu
s 
in
 
th
e 
c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
re
a
s 
o
f 
G
re
at
er
 C
ap
e 
To
wn
 b
eg
s 
th
e 
qu
es
tio
n 
o
f 
th
ei
r 
re
~a
ti
on
 t
o 
th
e 
pr
oc
es
se
s 
by
 w
hi
ch
 d
if
fe
re
nt
ia
ti
on
 h
as
 c
om
e 
16
2 
a
bo
ut
. 
By
 m
ea
ns
 
o
f 
sy
nt
he
si
s 
o
f 
in
fo
rm
at
io
n 
th
e 
e
x
te
nt
 
to
 w
hi
ch
 
pa
tt
er
n 
m
ig
ht
 s
u
gg
es
t 
pr
oc
es
s 
ca
n
 
b~
 a
ss
e
ss
e
d,
 
i.
e.
 t
he
 l
in
ks
 o
f 
c
a
u
se
 
an
d 
e
ff
ec
t 
w
hi
ch
 l
ea
d 
th
in
g~
 t
o 
be
 a
s 
th
ey
 a
re
 m
ay
 b
e 
e
st
ab
li
sh
ed
 
<
H
ar
ve
y,
 
19
73
b;
 
Sm
ith
, 
19
75
). 
In
 a
ss
e
ss
·in
g 
th
e 
e
x
te
nt
 t
o 
w
hi
ch
 
pa
tt
er
n 
re
fl
ec
ts
 p
ro
ce
ss
 i
n 
so
c
ia
l 
di
ff
er
~n
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s,
 t
he
 f
ir
st
 q
ue
st
io
n 
w
hi
ch
 m
u
st
 
be
 r
a
is
ed
 i
s 
th
at
 o
f 
th
e 
s
im
il
ar
it
y 
o
f 
a
s
pi
ra
ti
on
s 
o
f 
c
o
lo
ur
ed
s 
as
 
o
pp
os
ep
 t
o 
w
hi
te
s.
 
Se
co
nd
-
l~
 t
he
 s
o
c
ia
l 
pr
oc
es
se
s 
w
hi
ch
 h
av
e 
le
d 
to
 d
if
fe
re
nt
ia
ti
on
 m
u
st
 
be
 
ex
am
in
ed
. 
A
lth
ou
gh
 t
he
 c
o
lo
ur
ed
s 
a
re
 
ge
ne
ra
lly
 b
el
ie
ve
d 
to
 h
av
e 
si
m
il
ar
 a
s
pi
ra
ti
on
s 
an
d 
v
a
lu
e 
sy
st
em
s 
to
 t
ho
se
 o
f 
w
hi
te
s 
<
Th
er
on
 
Co
m
m
iss
io
n 
R
ep
or
t, 
19
76
), 
no
 
co
m
pr
eh
en
si
ve
 s
tu
dy
 o
r 
a
n
a
ly
si
s 
o
f 
c
o
lo
ur
ed
 a
tt
it
ud
es
 a
nd
 a
s
pi
ra
ti
on
s 
ha
s 
be
en
 u
n
de
rta
ke
n.
 
Th
e 
qu
es
tio
n 
o
f 
s
im
il
ar
it
y 
to
 w
hi
te
s 
(an
d 
th
er
ef
or
e 
ad
va
nc
ed
 w
e
st
er
n 
so
c
ie
ty
) 
re
m
ai
ns
 o
pe
n.
 
Fa
ct
or
s 
in
fl
ue
nc
in
g 
th
e 
s
e
le
ct
iv
e 
pr
oc
es
se
s 
in
 s
o
c
ia
l 
di
ff
er
en
ti
at
io
n 
am
on
g 
c
o
lo
ur
ed
s 
a
re
 
a
ls
o 
re
la
ti
ve
ly
 u
nk
no
wn
. 
In
 o
rd
er
 t
o 
br
id
ge
 t
hi
s 
ga
p,
 a
n 
in
ve
st
ig
at
io
n 
o
f 
th
e 
pa
st
 p
at
te
rn
s 
o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
in
 G
re
at
er
 C
ap
e 
To
wn
 
ha
s 
be
en
 m
ad
e 
an
d 
th
is
 h
as
 h
el
pe
d 
to
 e
x
pl
ai
n 
th
e 
n
a
tu
re
 o
f 
pr
oc
es
se
s 
w
hi
ch
 h
av
e 
le
d 
to
 t
he
 d
ev
eL
op
m
en
t 
o
f 
th
es
e 
pa
tt
er
ns
 a
nd
 c
a
s
t 
so
m
e 
li
gh
t 
on
 
th
os
e 
o
pe
ra
tio
na
l 
a
t 
th
e 
pr
es
en
t 
tim
e.
 
Th
e 
in
qu
ir
y 
ha
s 
re
v
e
a
le
d 
th
at
 f
ro
m
 t
he
 t
im
e 
o
f 
Va
n 
R
ie
be
ec
k 
to
 t
he
 i
m
pl
em
en
ta
tio
n 
o
f 
th
e 
Gr
ou
p 
A
re
as
 A
ct
, 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
o
c
c
u
rr
e
d 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
o
f 
G
re
at
er
 C
ap
e 
To
wn
 a
nd
 w
as
 
La
rg
el
y 
a
ss
o
c
ia
te
d 
w
ith
 e
co
n
o
m
ic
 d
if
fe
re
nc
es
. 
D
if
fe
re
nc
es
 i
n 
ho
us
in
g 
ty
pe
 r
e
fl
ec
ti
ng
 
th
es
e 
ec
o
n
o
m
ic
 a
nd
 s
o
c
ia
l 
di
ff
er
en
ce
s 
w
er
e 
re
c
o
gn
is
ab
le
 t
oo
. 
It
 
is
 
th
er
ef
or
e 
po
st
ul
at
ed
 t
ha
t 
o
v
e
r 
an
d 
ab
ov
e 
th
e 
fa
ct
or
s 
w
hi
ch
 d
iv
id
e 
w
hi
te
 a
nd
 c
ol
o~
re
d 
(in
 f
ac
t 
a
ll
 r
a
c
e
 
gr
ou
ps
) 
in
 G
re
at
er
 C
ap
e 
To
wn
 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
th
em
se
lv
es
, 
s
tr
at
if
ic
at
io
n 
ta
ke
s 
pl
ac
e 
pr
im
ar
il
y 
on
 
th
e 
ba
si
s 
o
f 
ec
o
n
o
m
ic
 d
if
fe
re
nc
es
. 
Us
e 
o
f 
SE
S 
sc
o
re
s 
is
 j
us
ti
fi
~d
 
on
 
th
is
 b
as
is
 d
ue
 t
o 
th
ei
r 
st
ro
ng
 r
e
fl
ec
ti
on
 o
f 
th
e 
ec
o
n
o
m
ic
 s
ta
te
 
o
f 
th
e 
po
pu
la
tio
n.
 
So
ci
al
 t
he
or
y 
<T
um
in,
 
19
67
) 
an
d 
th
e 
th
eo
ri
es
 9
f 
c
it
y 
s
tr
u
ct
u
re
 
(B
err
y 
&
 H
or
to
n,
 
19
70
) 
ha
~e
 s
ho
wn
 t
ha
t 
in
 a
dv
an
ce
d 
w
e
st
er
n 
so
c
ie
ty
 
16
3 
di
ff
er
en
ce
s 
in
 s
o
c
ia
l 
sp
ac
e 
a
re
 e
a
s
il
y 
id
en
ti
fi
ab
le
 i
n 
ph
ys
ic
al
 
sp
ac
e.
 
A
lth
ou
gh
 r
e
s
id
en
ti
al
 d
if
fe
re
nt
ia
ti
on
 i
s 
a
c
c
o
rd
in
g 
to
 S
he
vk
y 
an
d 
W
ill
ia
m
s, 
<1
94
9) 
th
e 
m
os
t 
e
a
s
il
y 
a
c
c
e
ss
ib
le
 a
nd
 v
is
ua
l 
m
ea
ns
 
o
f 
di
sc
er
ni
ng
 s
o
c
ia
l 
di
ff
er
en
ce
s 
In
 a
 
so
c
ie
ty
, 
th
is
 m
ay
 n
o
t 
pe
rt
ai
n 
in
 
th
e 
c
a
se
 o
f 
n
o
n
-w
es
te
rn
 s
o
c
ie
ti
es
 a
s 
Ab
u 
Lu
gh
od
 <
19
69
) 
fo
un
d 
in
 h
er
 
st
ud
y 
o
f 
C
ai
ro
. 
So
ci
al
 d
if
fe
re
nt
ia
ti
on
 w
as
 
id
en
ti
fi
ed
 i
n 
th
e 
so
c
ie
ty
, 
bu
t 
w
as
 
n
o
t 
re
c
o
gn
is
ab
le
 i
n 
di
ff
er
en
ce
s 
in
 t
yp
e 
a
n
d/
or
 
qu
al
ity
 o
f 
ho
us
in
g.
 
W
hi
le 
gr
ou
ps
 o
f 
ES
D'
s 
id
en
ti
fi
ed
 i
n 
so
c
ia
l 
sp
ac
e 
( i
'n
di
ca
tiv
e 
o
f 
di
ff
er
en
ce
s 
in
 s
o
c
ia
l 
s
ta
tu
s 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
in 
G
re
at
er
 C
ap
e 
To
wn
) 
ca
n
 
be
 t
ra
ns
la
te
d 
in
to
 p
hy
si
ca
l 
sp
ac
e 
by
 v
ir
tu
e 
o
f 
th
ei
r 
o
ri
gi
n 
in
 c
en
su
s 
da
ta
, 
th
is
 s
o
c
ia
l 
di
ff
er
en
ti
at
io
n 
is
 n
o
t 
re
fl
ec
te
d 
in
 h
ou
si
ng
 d
if
fe
re
nc
es
. 
As
 
in
 t
he
 c
a
se
 o
f 
th
e 
n
o
n
-
w
es
te
rn
 s
o
c
ie
ti
es
 t
he
n,
 s
o
c
ia
l 
di
ff
er
en
ce
s 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
m
ay
 
be
 i
de
nt
if
ie
d 
in
 s
o
c
ia
l 
sp
ac
e 
bu
t 
a
re
 
n
o
t 
re
c
o
gn
is
ab
le
 i
n 
ph
ys
ic
al
 
sp
ac
e.
 
Th
e 
la
ck
 o
f 
a 
ph
ys
ic
al
 d
im
en
sio
n 
to
 s
o
c
ia
l 
s
tr
at
if
ic
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
s 
is
 a
 
ph
en
om
en
on
 m
os
t 
c
le
ar
ly
 r
e
c
o
gn
is
ab
le
 i
n 
th
e 
tim
e 
pe
ri
od
 f
ro
m
 t
he
 i
m
pl
em
en
ta
tio
n 
o
f 
th
e 
Gr
ou
p 
A
re
as
 A
ct 
to
 t
he
 p
re
se
nt
. 
As
 
it
 i
s 
in
 t
hi
s 
pe
ri
od
 t
ha
t 
a
pa
rt
he
id
 h
as
 b
ee
n 
pr
ac
ti
se
d,
 t
he
 i
n-
fl
ue
nc
es
 o
f 
th
e 
sy
st
em
, 
i.
e.
 j
ob
 r
e
se
rv
a
tio
n,
 w
ag
e 
c
e
il
in
gs
, 
re
s
i-
de
nt
ia
l 
re
s
tr
ic
ti
on
 d
ue
 t
o 
Gr
ou
p 
A
re
as
 
le
gi
sl
at
io
n 
an
d 
th
e 
ho
us
in
g 
sh
or
ta
ge
 o
n 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
an
d 
it
s 
m
a
n
if
es
ta
tio
n 
in
 p
hy
si
ca
l 
sp
ac
e 
m
us
t 
be
 a
ss
e
ss
e
d.
 
A
cc
or
di
ng
 t
o 
Ab
u 
Lu
gh
od
 (
 1. 9
69
) 
if
 c
it
y 
s
tr
u
ct
u
re
 
is
 t
o 
be
 a
 
re
fl
ec
ti
on
 o
f 
so
c
ia
l 
s
tr
u
ct
u
re
 t
he
 e
ff
ec
ti
ve
 
ra
n
ki
ng
 s
ys
te
m
 i
n 
a 
c
it
y 
m
us
t 
be
 r
e
la
te
d 
to
 t
he
 o
pe
ra
tio
na
l 
de
fi
ni
ti
on
 
o
f 
so
c
ia
l 
s
ta
tu
s 
an
d 
th
e 
ra
n
ki
ng
 s
ys
te
m
 i
n 
a 
c
it
y 
ha
s 
to
 b
e 
id
en
ti
-
fi
ab
le
 b
y 
th
e 
a
re
a
 
u
n
it
s 
o
f 
o
bs
er
va
tio
n 
u
se
d 
in
 a
n
a
ly
si
s.
 
To
 o
bt
ai
n 
c
le
ar
 d
is
ti
nc
ti
on
s 
be
tw
ee
n 
st
ag
es
 i
n 
th
e 
fa
m
ily
 c
yc
le
, 
ea
ch
 s
ta
ge
 
m
us
t 
be
 a
ss
o
c
ia
te
d 
w
ith
 c
ha
ng
es
 o
f 
re
si
de
nc
e.
 
Th
is
 i
s 
pa
te
nt
ly
 n
o
t 
th
e 
c
a
se
 
in
 t
he
 s
it
ua
ti
on
 o
f 
th
e 
c
o
lo
ur
ed
s 
in
 G
re
at
er
 C
ap
e 
To
wn
. 
Th
e 
re
as
o
n
s 
po
st
ul
at
ed
 f
or
 t
hi
s 
a
re
 
th
e 
sh
or
ta
ge
 o
f,
 a
nd
 l
ac
k 
o
f 
c
ho
ia
e 
in
 h
ou
si
ng
 f
or
 c
o
lo
ur
ed
s.
 
Fa
m
ili
es
 o
r 
in
di
vi
du
al
s 
w
ho
 c
a
n
n
o
t 
a
ff
or
d 
to
 p
ur
ch
as
e 
th
ei
r 
ow
n 
ho
us
es
 a
re
 
fo
rc
ed
 t
o 
li
ve
 i
n 
c
o
u
n
c
il 
re
n
te
d 
ac
co
m
m
o
da
tio
n.
 
Si
nc
e 
c
o
u
n
c
il 
re
n
te
d 
dw
el
lin
gs
 a
re
 
a
ll
oc
at
ed
 
-
-
-
-
' 
16
4 
on
 
th
e 
ba
si
s 
o
f 
a 
m
ax
im
um
 w
ag
e 
o
f 
th
e 
he
ad
 o
f 
ho
us
eh
ol
d,
 
th
is
 h
as
 
se
v
e
ra
l 
Im
pl
ic
at
io
ns
. 
F
ir
st
ly
, 
fa
ls
e 
in
co
m
es
 m
ay
 b
e 
gi
ve
n 
in
 o
rd
er
 
to
 s
e
c
u
re
 
a 
dw
el
lin
g 
w
hi
ch
 i
s 
in
 f
in
an
ci
al
 r
ea
ch
 o
f 
a 
ho
us
eh
ol
d 
( i
.~
. 
if
 b
et
te
r 
ac
co
m
m
od
ati
on
 w
er
e 
a
v
a
il
ab
le
 t
hi
s 
w
ou
ld 
be
 c
ho
se
n,
 b
ut
 h
om
e 
o
w
n
er
sh
ip
, 
th
e 
o
n
ly
 o
th
er
 a
lt
er
na
ti
ve
 I
s 
n
o
t 
w
ith
in
 r
ea
ch
>.
 
Se
co
nd
-
ly
, 
it
 c
o
u
ld
 m
ea
n 
th
at
 e
v
en
 
th
ou
gh
 t
he
 e
a
rn
in
gs
 o
f 
th
e 
he
ad
 o
f 
ho
us
e-
ho
ld
 m
ay
 b
e 
w
ith
in
 t
he
 l
im
it
s 
s
e
t 
fo
r 
e
li
gi
bi
li
ty
 f
or
 c
o
u
n
c
il 
ho
us
in
g,
 t
he
re
 m
ay
 b
e 
a 
nu
m
be
r 
o
f 
e
a
rn
e
rs
 
in
·th
e 
ho
us
eh
ol
d 
(a
s 
th
ey
 
ca
n
n
o
t 
o
bt
ai
n 
se
pa
ra
te
 a
cc
o
m
m
o
da
tio
n 
du
e 
to
 t
he
 h
ou
si
ng
 s
ho
rt
ag
e)
 
w
hi
ch
 p
us
he
s 
up
 t
he
 a
m
ou
nt
 o
f 
m
on
ey
 a
v
a
il
ab
le
 f
or
 a
c
qu
ir
in
g 
hi
gh
er
 
so
c
ia
l 
s
ta
tu
s 
(i.
e.
 e
du
ca
tio
n,
 o
r 
ph
ys
ic
al
 s
ym
bo
ls 
o
f 
so
c
ia
l 
s
ta
tu
s,
 
e
.g
. 
te
le
vi
si
on
, 
c
a
r,
 
a
ijp
lia
nc
es>
. 
T
hi
rd
ly
, 
it
 m
ig
ht
 
im
pl
y 
th
at
 
be
ca
us
e 
o
f 
th
e 
la
c~
 o
f. 
c
ho
ic
e 
in
 h
ou
si
ng
 a
s 
w
el
l 
as
 
fi
na
nc
ia
l 
lo
ss
es
 
in
cu
rr
ed
, 
th
e 
Gr
ou
p 
A
re
as
 r
em
o
v
al
s 
an
d 
re
se
tt
le
m
en
ts
 h
av
e 
ca
u
se
d 
a 
di
sc
re
pa
nc
y 
be
tw
ee
n 
so
c
ia
l 
s
ta
tu
s 
an
d 
ho
us
in
g 
ty
pe
. 
Fu
rt
he
r 
po
ss
i-
bi
li
ty
 o
f 
re
m
o
v
al 
to
 h
ou
si
ng
 c
o
m
pa
tib
le
 w
ith
 s
o
c
ia
l 
s
ta
tu
s 
o
n
ce
 
fi
na
nc
ia
l 
lo
ss
es
 h
ad
 b
ee
n 
re
co
u
pe
d 
o
v
er
 
so
m
e 
ye
ar
s 
is
 l
ow
 d
ue
 t
o 
th
e 
la
ck
 o
f 
a
v
a
il
ab
il
it
y 
o
f 
a
lt
er
na
te
 o
r 
s
li
gh
tl
y 
im
pr
ov
ed
 h
ou
si
ng
. 
Th
e 
c
o
n
c
lu
si
on
 t
o 
be
 d
raw
n 
fro
m
 t
hi
s 
th
en
, 
is
 t
ha
t 
so
c
ia
l 
s
ta
tu
s 
m
ay
 
w
el
l 
be
 m
uc
h 
hi
gh
er
 o
r 
a
t 
le
as
t 
di
ff
er
en
t 
in
 c
o
lo
ur
ed
 a
re
a
s 
th
an
 
ty
pe
s 
o
f 
dw
el
lin
gs
 i
n 
th
es
e 
a
re
a
s 
w
ou
ld 
su
gg
es
t. 
W
he
n 
th
e 
re
la
ti
on
-
sh
ip
 b
etw
ee
n 
so
c
ia
l 
a
re
a
s 
an
d 
su
bu
rb
s 
w
as
 
c
o
n
si
de
re
d,
 t
he
 m
a
jor
ity
 o
f 
gr
ou
pe
d 
ES
D'
s 
w
hi
ch
 c
o
in
ci
de
d 
w
ith
 s
u
bu
rb
s,
 p
ar
ti
cu
la
rl
y 
in
 t
he
 
A
th
lo
ne
 a
re
a
 
w
er
e 
se
en
 
to
 b
e 
a
re
a
s 
o
f 
c
o
u
n
c
il 
ow
ne
d 
o
r 
re
n
te
d 
ac
co
m
m
o-
da
tio
n.
 
Th
e 
s
ta
tu
s 
o
f 
th
es
e 
a
re
a
s 
w
as
 
th
us
 n
o
t 
a
c
c
u
ra
te
ly
 r
e
fl
ec
te
d 
in
 h
ou
si
ng
. 
In
 t
he
 c
a
se
 o
f 
M
at
ro
os
fo
nt
ei
n,
 a
lth
ou
gh
 t
hi
s 
w
as
 
o
ri
gi
na
ll
y 
a 
c
o
u
n
c
il 
le
tt
in
g 
sc
he
m
e, 
th
e 
a
re
a
 
be
ca
m
e 
an
 
a
re
a
 o
f 
ho
me
 o
w
n
er
sh
ip
. 
Th
e 
ho
us
in
g 
he
re
 a
ga
in
 d
id
 n
o
t 
re
fl
ec
t 
th
e 
tr
ue
 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
o
f 
th
e 
re
si
de
nt
s 
a
lth
ou
gh
 t
hi
s 
w
as
 
m
or
e 
m
o
de
ra
te
 
th
an
 t
ha
t 
o
f 
th
e 
A
th
lo
ne
 a
re
a
. 
Fu
rt
he
r,
 t
he
 i
de
nt
if
ic
at
io
n 
<f
ro
m
 
m
ap
pi
ng
 o
f 
so
ci
o-
ec
on
om
ic
 s
ta
tu
s 
in
fo
rm
at
io
n)
 o
f 
di
sc
re
te
 s
o
c
ia
l 
a
re
a
s 
an
d 
a 
la
ck
 o
f 
s
pa
ti
al
 d
ep
en
de
nc
e 
be
tw
ee
n 
the
m
 i
s 
re
a
di
ly
 e
x
-
pl
ic
ab
le
 i
n 
te
rm
s 
o
f 
th
e 
ro
le
 o
f 
m
u
n
ic
ip
al
, 
di
vi
si
on
al
 c
o
u
n
c
il 
an
d 
s
ta
te
 h
ou
si
ng
 s
ch
em
es
. 
Lo
ca
tio
n 
o
f 
c
o
u
n
c
il 
ho
us
in
g 
an
d 
th
e 
a
ll
oc
at
io
n 
16
6 
e
x
pl
ai
n 
th
e 
pr
od
uc
tio
n 
o
f 
th
es
e 
fo
rm
s 
<
C
as
te
lls
, 
19
77
>.
 
To
 d
o 
so
 
it
 
w
ou
ld 
ha
ve
 t
o 
be
 r
e
la
te
d 
to
 t
he
 r
e
st
 o
f 
th
e 
el
em
en
ts
 s
tr
uc
tu
ri
ng
 t
he
 
fo
rm
 a
nd
 r
hy
th
m
s 
o
f 
an
 
u
rb
an
 a
re
a
. 
If
 t
he
 s
o
c
ia
l 
a
re
a
 
co
n
ce
pt
 i
s 
to
 b
e 
re
le
va
nt
 i
n 
th
e 
So
ut
h 
A
fr
ic
an
 c
o
n
te
xt
 t
he
re
fo
re
, 
it
 m
us
t 
be
 
se
pa
ra
te
d 
in
to
 i
ts
 s
o
c
ia
l 
an
d 
ph
ys
ic
al
 c
o
m
po
ne
nt
s. 
Th
is 
re
se
a
rc
h 
re
pr
es
en
ts
 a
n 
a
tt
em
pt
 n
o
t 
o
n
ly
 t
o 
re
c
o
gn
is
e 
pa
tt
er
ns
 o
f 
so
ci
o-
ec
on
om
ic
 d
if
fe
re
nt
ia
ti
on
 a
nd
 t
o 
re
la
te
 t
he
se
 t
o 
re
s
id
en
ti
al
 
di
ff
er
en
ti
at
io
n 
in
 t
he
 c
o
lo
ur
ed
 r
e
s
id
en
ti
al
 a
r.
ea
s 
o
f 
G
re
at
er
 C
ap
e 
To
wn
, 
bu
t 
a
ls
o 
to
 
id
en
tif
y 
th
e 
pr
ob
le
m
s 
a
ss
o
c
ia
te
d 
w
ith
 t
he
 d
er
iv
at
io
n 
an
d 
a
n
a
ly
si
s 
o
f 
su
ch
 p
at
te
rn
s.
 
Su
gg
es
tio
ns
 h
av
e 
be
en
 p
ut
 f
or
w
ar
d 
fo
r 
th
e 
di
re
ct
io
ns
 i
n 
fu
tu
re
 r
e
se
a
rc
h 
w
hi
ch
 m
ig
ht
 
le
ad
 t
o 
th
e 
de
ve
lo
pm
en
t 
o
f 
m
or
e 
v
a
lid
 s
o
c
ia
l 
in
di
ca
to
rs
 a
nd
 t
he
re
fo
re
 m
or
e 
a
c
c
u
ra
te
 p
at
te
rn
s 
o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
in
 t
he
 h
op
es
 t
ha
t 
th
es
e 
m
ay
 b
et
te
r 
e
x
pl
ai
n 
pr
o-
c
e
ss
e
s 
o
f 
so
c
ia
l 
s
tr
at
if
ic
at
io
n.
 
Pa
tt
er
ns
 o
f 
so
c
ia
l 
di
ff
er
en
ti
at
io
n 
id
en
tif
ie
d 
an
d 
pa
rt
ly
 e
x
pl
ai
ne
d 
w
ith
in
 t
he
 f
ra
m
ew
or
k 
o
f 
th
is
 r
e
se
a
rc
h 
a
re
 m
er
el
y 
a 
ba
se
lin
e 
fo
r 
m
or
e 
in
te
ns
iv
e 
an
d 
a
n
a
ly
ti
ca
l 
re
se
a
rc
h 
on
 
pa
tt
er
ns
 o
f 
di
ff
er
en
ti
at
io
n 
am
on
g 
th
e 
c
o
lo
ur
ed
 p
op
ul
at
io
n 
gr
ou
p 
o
f 
G
re
at
er
 C
ap
e 
To
wn
 u
n
de
r 
th
e 
a
pa
rt
he
id
 r
eg
im
e.
 
1
6
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